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FORWARD 

The two s t a f f  reports en t i t led  "Results of an Investigation of the 
Performance of the Smith and Wesson Breathalyzer Model 1000 Breath Alcohol 
Tester,'' February 1980, and "The State of Compliance of the Smith and 
Wesson Breathalyzer Model 1000 A Foll ow-Up Report, " September 1983 were 
prepared by Dr. A. L. Flores of the Transportation Systems Center (TSC) for  
the National Highway Traffic Safety Administration (NHTSA). 

The February 1980 report de ta i l s  an investigation tha t  was conducted as a 
resul t  of reports from several pol ice agencies (Maryland State  Pol ice,  
North Carol ina Highway Patrol, and Washington D.C. Metropol i tan Pol i ce )  
which ci ted problems w i t h  the use of the Model 1000 i n  the f ie ld.  The study 
concluded tha t  the Model 1000 appeared to  have a qual i t y  control problem. 
I t  should be noted tha t  the report d i d  not find a precision/accuracy 
problem, b u t  rather a problem involving qual i t y  control i n  the manufacture 
of the instruments and a less  than adequate system f o r  maintenance of the 
instruments i n  the fie1 d. The report recommended: 

"Users of the Breathalyzer Model 1000 should reexamine the i r  
program to  ensure a strong organization for  maintenance. The 
data of this report shows tha t  when the instrument is  
performing properly i t i s  an effective evidential breath 
tester .  Frequent t e s t s  fo r  accuracy should be performed; 
maintenance personnel should be trained to  a high s t a t e  of 
expertise so tha t  trouble-shooting and repair can be 
performed a t  or near the user level. Maintenance a t  the user 
level i s  especially important for  the Breathalyzer 1000 due 
to  i ts  complexity and the long downtimes accompanying return 
to  the factory for  repair. Field maintenance personnel should 
not be spread out over so many instruments tha t  maintenance 
efficiency is  reduced." 

Because the qual i ty control problem w i t h  the Model 1000 could be overcome 
by a comprehensive maintenance program, NHTSA decided not to  remove the 
Breathalyzer 1000 from the Qua1 i f ied  Products List ( Q P L ) .  The agency made 
the decision to  a s s i s t  the States using the Breathalyzer 1000 i n  ensuring 
that  the instruments were being properly maintained. By using this 



approach States which had taken steps to ensure the instrument's accuracy 
would not have their chemical test programs compromised. In May 1982, 
NHTSA initiated a follow-up investigation of the Model 1000. In January 
1983, the manufacturer ceased production of this model. The foll ow-up 
report was completed in September 1983 and affirmed the findings of the 
1980 investigation. Since the unit was no longer in production, delisting 
it would have no effect on the qua1 ity control of the instrument's 
manufacturing process. The remaining issue was one of program maintenance 
of the instrument by the user States. 

The results of both of these studies were discussed in detail with the 
States using these instruments at Regional Chemical Test Directors meetings 
held in 1980 and 1984. These instruments continue to be used without 
difficulty by the States of Ohio, Arkansas, and the District of Columbia, 
due to the implementation of comprehensive chemical test programs. 
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1.0 INTRODUCTION 

The performance of breath alcohol test equipment used by 

police is a major concern of the alcohol countermeasures effort 

of the National Highway ~raffic Safety Administration (NHTSA) .  

A Qualified Products List (QPL) has been established to ensure 

the effectiveness of Federal funds used to purchase such 

equipment. Equipment which meets published minimum performance 

standards (Standard for Devices to Measure Breath Alcohol, 

Federal Register, Vol. 38, No. 212, November 5, 1973) is placed 

on the QPL. Equipment on the QPL, after being purchased by 

police, may be found not to meet the minimum standards or may 

be found to exhibit an excessive malfunction rate. Such 

equipment may be removed from the QPL by NHTSA. 

Following reports of failures to comply with minimum 

standards and of high malfunction rates, and at the request 

of NHTSA, the Transportation Sys tern Center (TSC) initiated an 

investigation of the Smith and Wesson Electronics Breathalyzer 

model 1000. When this instrument was initially tested by TSC 

in 1974, it was found to meet the requirements of the standards 

and was placed on the QPL. 

Findings are reported below. 



~.o INSTRUMENTDESCRIPTION

The Breathalyzer model 1000 is an acid dichromate based

colorimeter. A fixed volume of the human subject's breath is

collected at constant temperature and delivered into an ampoule

containing the dichromate solution. Any alcohol present reacts

with the dichromate quantitatively, reducing the intensity of

the yellow color of the solution. The reduction of color

intensity is thus a linear function of the amount of alcohol

delivered into the ampoule.

The instrument is an automated version of the Breathalyzer

models 900 and 900A. The design of the Breathalyzer models

900 and 900A can be divided into three major functional sub­

assemblies:

1) "Breath collection sub-assembly

2) Alcohol measurement sub-assembly

3) Read-out sub-assembly

The breath collection sub-assembly is a valve/cylinder/

pi~ton system by which the last 52 cubic centimeters of breath

delivered by the subject are retained at constant temperature

for measurement. Manipulation of the valve delivers the breath

sample under weight of the piston to the dichromate solution

ampoule of the alcohol measurement sub-assembly. After the

alcohol -dichromate reaction is completed a light bulb mounted

- on a fine threaded screw carriage and located between the

above ampoule and a second reference dichromate ampoule is

2



switched on. A light filter photo-detector assembly is located 

behind each ampoule. The two photo-detectors are incorporated 

into an electrical bridge circuit. Light passing through each 

ampoule and filter falls on the photodetectors. Loss of dichro- 

mate by reaction with alcohol results in a decrease in intensity 

of the yellow color of the test ampoule which causes unequal 

amounts of light to pass through the ampoules. Thus, currents 

produced by the photodetectors are not equal and the resulting 

electrical imbalance in the bridge circuit is indicated on 

a meter. Manual nulling of the circuit imbalance by shifting 

the position of the light bulb activates the readout sub- 

assembly. The light carriage is linked to a shaft connected 

to a pointer which indicates blood alcohol concentration on a 

scale on the face of the instrument. The instrument design 

is straightforward and uses relatively few parts. Over the 

years the instrument has enjoyed a high degree of acceptance 

by the police due, in part, to its accuracy and reliability. 

The three major functions (collection, measurement, and 

read-out) are automated in the Breathalyzer model 1000 by 

use of electrical relays, solenoid valves, drive motor, pump, 

timers, sequencers, counters, etc. A printed circuit board 

controls the breath test process which in models 900/900A are 

controlled manually. Servo-driver printed circuit boards 

activate the above electro-mechanical sub-assemblies. Light 
- 

carriage travel is converted to a digital signal by a chopper 

calibration wheel. 



Two miniature light bulbs are mounted on one side of the 

chopper wheel; a photodetector is mounted on the other side. 

Photodetector output is digitally displayed in terms of blood 
- 

alcohol concentration. A printed read-out is also provided 

simultaneously. The operator is required only to initiate the 

test cycle and indicate to the person being tested when he 

should blow into the sample tube. Thus, although the possi- 

bility of tampering with the test result is removed, the 

Breathalyzer 1000 is a far more complicated instrument, in 

terms of parts used, than predecessor models. 

This complexity appears to be one reason for performance 

malfunction failures, as will be discussed below. 



, 3.0 COMPLIANCE INVESTIGATION . 

In order to obtain a broad basis for evaluation of 

L problems reported for this breath tester, information on its 

performance from a number of different sources was desired. 
1 

To this end, the following was done: 

o Performance and malfunction data for the instrument * 

. . were obtained from several police agencies. 

o Laboratory tests were performed at TSC on new, un- 

used units obtained from several sources including the manu- 

facturer. 

o A quality control inspection of the Breathalyzer 

model 1000 factory was performed. 

o On-site te-sts of units in use by police were per- - 
formed in six states. 

3.1 PERFORMANCE AND MALFUNCTION DATA 

88 Breathalyzers model 1000 were tested by the state of 

~ a r ~ l a n d  in 1978 for precision and accuracy according to the 

DOT standard. These tests were performed as part of a 

pre-procurement acceptance test; the units tested were new, 

obtained directly from the factory. Test results are given 
. .- 

* 

in Appendix A. 22 of the instruments failed to meet the require- 

- .  ments of the test. 7 of these 22 instruments had also malfunc- 

tioned. 11 other instruments met the requirements but were un- 

acceptable due to malfunction. Thus, a total of 33 of the 88 

instruments were unacceptable. 18 of the above 22 instruments 

were re-tested and 11 of these were again found unsatisfactory, 

4 due to the occurrance of malfunctions alone. 



During 1977-1978, 2 3  B r e a t h a l y z e r s  model 1000 were i n  use  

i n  t h e  D i s t r i c t  of  Columbia. 95  m a l f u n c t i o n s  were r eco rded  

t h e r e  over  a  2 1  month p e r i o d .  During t h e  same p e r i o d ,  i n  

S c h u y l k i l l  County, Pennsy lvan i a ,  where 9 u n i t s  were i n  u s e ,  

1 9  ma l func t i ons  were r e c o r d e d .  I n  North C a r o l i n a ,  t h e  S t a t e  

P o l i c e  had purchased 56 B r e a t h a l y z e r s  model 1000 b u t  t h e  h i g h  

i n i t i a l  ma l func t i on  r a t e  encoun t e r ed  had caused  t h e  p o l i c e  t o  

d i s c o n t i n u e  t h e i r  u s e .  These f i n d i n g s  on B r e a t h a l y z e r  model 

1000 ma l func t i ons  a r e  f u r t h e r  d i s c u s s e d  i n  Appendix A .  

3 . 2  LABORATORY TESTS 

Seven new B r e a t h a l y z e r  model 1000 i n s t r u m e n t s ,  s t i l l  i n  

f a c t o r y  shipment c a r t o n s  were o b t a i n e d  from v a r i o u s  s o u r c e s  f o r  

t e s t i n g  a t  7S-C. Two were o b t a i n e d  from t h e  M e t r o p o l i t a n  P o l i c e  

Department o f  t h e  D i s t r i c t  o f  Columbia, one was o b t a i n e d  from 

t h e  Colorado Department o f  H e a l t h ,  two were o b t a i n e d  from t h e  

Department of  P r o t e c t i o n ,  Al legheny County, Pennsy lvan i a ,  and 

two were o b t a i n e d  from Smith  and Wessen E l e c t r o n i c s .  

These i n s t r u m e n t s  were t e s t e d  acco rd ing  t o  t h e  DOT 

S t anda rd .  Four o f  t h e  s even  u n i t s  f a i l e d  t o  pe r fo rm w i t h i n  

t h e  t o l e r e n c e  r e q u i r e d  by t h e  S t a n d a r d .  F a i l u r e s  were found 

i n  b o t h  accuracy  and p r e c i s i o n  r equ i r emen t s  f o r  t h e  v a r i o u s  - 

tes ts  performed.  Tab l e s  1 , 2 , 3  and 4 p r e s e n t  t e s t  d a t a  o b t a i n e d  

on t h e  u n i t s  from Al legheny County and from Smi th  and Wesson 

- E l e c t r o n i c s .  The t e s t  d a t a  f o r  t h e  u n i t s  from t h e  D i s t r i c t  

o f  Columbia and Colorado a r e  g i v e n  i n  Appendix A. 



3.3 QUALITY CONTROL INSPECTION 

An inspection of the Breathalyzer model 1000 factory in 

Pittsburgh, Pennsylvania was performed on April 16, 1979. 

A member of the inspection team was Fredrick M. Seekell, TSC 

staff, an expert in the principles of product quality control. 

As a result of this inspection, several areas in apparent 

need of further consideration by the manufacturer were 

identified: 

o A mechanism for ensuring product identity and status 

in the manufacturing process. 

' o Methods for detection of drift in standard jigs, 

fixtures, and test kits used. 

o Methods for ensuring the constancy of different por- 

tions of the manufacturing process. 

A mechanism by which failure information from units 

in use by police is fed back into the manufacturing process. 

The report of Mr. Seekell, which discusses the above 

in more detail, is contained in Appendix B. 

3.4 FIELD TESTS . . 

To obtain direct information on performance of the 

Breathalyzer model 1000 in the field along with condition of 

use and maintenance, on-site visits were made to a number of 

.police agencies. First, a listing of the distribution of 

- units in the various states was obtained from the manufac- 

turer. Arrangements were made through the appropriate state 

offices for visits to selected areas of the state where a 



number of these instruments were in use. Areas selected were: 

o Cleveland, Ohio area: 4 units tested 

o Peoria, Illinois area: 4 units tested 

o Pittsburgh, Pennsylvania area: 6 units tested 

o Blytheville, Arkansas area: 5 units tested 

o Charleston, West Virginia area: 5 units tested 

o Raleigh, North Carolinia area: 6 units tested* 

In addition to performing precision/accuracy tests on 

the Breathalyzer model 1000 at each site, information on the 

experience of the police relative to reliability and mainte- 

nance of the instrument was also obtained. Forms used to 

record the data and other information obtained are contained 

in Appendix .C.. 

Site visits were made by Officer Floyd Wing and Sergeant 

Joseph Jacobs of the District of Columbia Metropolitan Police 

Department, both experts in Breathalyzer model 1000 mainte- 

nance. A report of their finding is contained in Appendix D. 

The field tests were performed to determine whether or 

not the precision/accuracy and malfunction problems discussed 

earlier exist in the field to a significant extent. Practical 

considerations required that the number of tests made to deter- - 

mine precision/accuracy as specified in the Standard be reduced 

from 10 at each BAC concentration to 5 at each concentration. 

Except for instruments with borderline performance, this 
- 
modified procedure is equivalent to that specified in the 

Standard. Instruments with good performance will pass either 

~ h e s e  units used by city police, not State Police. 



t e s t  p rocedure .  Ins t ruments  w i t h  poor performance w i l l  f a i l  

e i t h e r  t e s t  p rocedure .  

F i e l d  t e s t  r e s u l t s  a r e  g iven  i n  Table  5.  A summary o f  

t h e  r e s u l t s  i s  g iven  below. S ince  "bo rde r l i ne"  i n s t rumen t s  

may o r  may n o t  have passed i f  10  t e s t s  were made i n s t e a d  of 

5, t h e  number o f  f a i l e d  i n s t rumen t s  a r e  l i s t e d  by t h e  c r i t e r i a  

g iven  i n  t h e  S tandard  ( c r i t e r i a  a )  and a l s o  by a  r e l a x e d  

c r i t e r i a  ( c r i t e r i a  b ) .  Thus, t h e  number of "bo rde r l i ne"  i n -  

s t rumen t s  which f a i l  by c r i t e r i a  a  b u t  p a s s  by c r i t e r i a  b were 

found t o  be 3 .  16  of t h e  30 i n s t rumen t s  f a i l e d  by bo th  c r i t e r i a .  

No. F a i l e d *  

Ohio 
I l l i n o i s  
Pennsylvania  . . 
Arkansas 
West V i r g i n i a  
North Ca ro l ina  

No. Tes ted  
- -  - - 

C r i t e r i a  a  C r i t e r i a  b  

C r i t e r i a  a  C r i t e r i a  b  

s y s t e m a t i c  e r r o r  a t  .05 BAC -10% - 1 2 %  
s y s t e m a t i c  e r r o r  a t  .10 and .15 BAC 5% 6% 
average  s t a n d a r d  d e v i a t i o n  z.004 BAC < . O O S  BAC 

I n  a d d i t i o n ,  d i s c u s s i o n s  w i t h  t h e  u s e r s  i n d i c a t e d  t h a t :  

o Condi t ion o f  new o r  r e p a i r e d  i n s t r u m e n t s r e c e i v e d  from 

t h e  f a c t o r y  i n d i c a t e  t h e  e x i s t a n c e  o f  a  s e r i o u s  q u a l i t y  c o n t r o l  

problem t h e r e .  

o  Ins t rument  downtime i s  a  s e r i o u s  problem; t u rn -a round  
- 

t ime  f o r  i n s t rumen t s  r e t u r n e d  t o  t h e  f a c t o r y  f o r  r e p a i r  i s  

much t o o  long ( 4  t o  6 month d e l a y s )  and r e p a i r s  a r e  t o o  o f t e n  

n o t  s a t i s f a c t o r y .  



o Expertise of in-house maintenance personnel should 

be at a high level due to the complexity of the instrument. 

o Preventive maintenance or performance tests are not 

performed at frequent enough intervals in some of the States 

visited. 

o The photometer system and the servo system are a 

frequent source of problems. 

There did not appear to be a strong correlation between 

failures and States thought to have a strong or weak mainten- 

ance programs. 



4.0 CONCLUSIONS AND RECOMMENDATIONS 

This investigation of the Smith and Wesson Electronics 

Breathalyzer model 1000 was initiated as a result of reports 

from several police sources regarding problems in the use"of 

this instrument. Failure of theinstrument to meet precision/ 

accuracy requirements and malfunction failures were reported. 

Data was obtained from the state of Maryland and from 

laboratory tests conducted at TSC on a number of new instru- 

ments obtained from several sources. Failures to meet pre- 

c i s i o n / a c c u r a c y r e q u i r e m e n t s  were seen for 4 of the 7 instru- 

ments tested at TSC and for 22 of 88 instruments tested by 

the State of Maryland. 

~alfuziction reports were obtained from Maryland, the 

District of Columbia, Pennsylvania, and North Carolina. These 

reports showed malfunction rates high enough to impair the 

effectiveness of the use of this instrument. 

A quality control inspection was made of the Breathalyzer 

model 1000 factory; methods for improving quality control of 

the manufacturing process were identified. 

On-site tests were made of 30 instruments at police 

agencies in six states. 16 of these instruments were found 

not to meet precision/accuracy requirements and four mal- 

. functions were encountered. 

The design of the 900 series Breathalyzer, on which the - 

model 1000 is based, was straight-forward and utilized 



rela.tively few parts. On the other hand the model 1000 uses 

many more parts and is a far more complex instrument. The 

complexity of the instrument appears to present a problem 

in maintaining effective quality control of the manufacturing 

process. 

The above findings demonstrate that a substantial frac- 

tion of Breathalyzer model 1000 instruments fail to 

be in compliance with the Standard for evidential breath 

testers. This being the case, the following recommendations 

are made: 

a. Users of the Breathalyzer model 1000 should re-examine 

their program to ensure a strong organization for maintenance. 

The data of this report shows that when the instrument is per- 

forming properly it is an effective evidential breath tester. - 
Frequent tests for accuracy should be performed; maintenance 

personnel should be trained to a high state of expertise so 

that trouble-shooting and repair can be performed at or near 

the user level. Maintenance at the user level is especially 

important for the Breathalyzer model 1000 due to its complex- 

ity and the long downtimes accompanying return to the factory 

for repair. Field maintenance personnel should not be spread 

out over so many instruments that maintenance efficiency is reduced, 

b. Present quality control procedures in the manufacturing 

process should be significantly improved. Redesign to simplify 

the instrument and thereby reduce quality control problems may 
- 

be warranted. Any redesign should be indicated by change in 

model designation. Redesign implies submission to DOT for 

qualification testing if Qualified Product status is desired. 



c. The observed rate of precision/accuracy failures and 

the observed malfunction rate shows that the present overall 

performance of this instrument does not warrent its inclusion 

on the Qualified Products List. 



TABLE1. TEST DATA: SMITHANDWESSONBREATHALYZERMODEL
1000 SN 2860 (ALLEGHENYCOUNTY)

MEETS
TEST 1 2 3 4 5 6 7 8 9 10 U SO SE REQUI RE~tENTS

0&2) Precision/Accuracy
.,

at 0.05 BAC .052 .051 .053 .050 .051 .053 .048 .050 .050 .048 .0506 .00178 1.2
at 0.10 RAe .098 .098 .102 .098 .102 .103 .101 .099 .104 .098 .1003 .00236 n.3 YES
at 0.15 BAC . 152 .150 .14 7 .148 .148 .149 .148 .146 .152 .147 .1487 .00206 0.9

( 3) Alcohol Free
Subjects .000 .000 .000 .000 .000 .000 .000 .000 .001 .000 .0001 YES

(S) Power Line Voltage

at 108 VAC .099 .102 .100 .102 .10? .100 .102 .102 .102 .101 .1012 . 00114 1.2
at 123 VAC .102 .101 .100 .100 .O~9 .100 .101 .100 .099 .102 .1004 .00107 0.4 YES....

~ (6) Ambient Temperature

at ZDoC .095 .097 .095 .097 .093 .092 .097 .095 .099 .096 .0951 .00173 -4.9
at 30°C .103 .103 .103 .101 .100 .101 .102 .101 .103 .102 .1019 .00110 1.9 YES

(7) Post Vibration .100 .099 .100 .096 .096 .. 099 .098 .097 .100 .097 .0982 .00162 -1. 8 YES

Electrical Safety YES

M Mean
SO Standard Deviation
SE Systematic Error~ \



" , .

TABLE2. TEST DATASMITHANDWESSONBREATHALYZERMODEL
MODEL1000 SN 2879 (ALLlJGIlENYCOUNTY)

l-1EETS
TEST 2 3 5 6 7 8 9 10 f-! sn SE REQtJI REf-!ENTS

(lf~2) Precision/Accuracy
t.

at 0.05 ni\C .051 .047 .047 .051 .0.., 5 .OS~ .047 .0118 .047 .046 .0482 .00257 -3.6
at 0.10 RAC .095 .094 .096 . 0~14 . l Il I .097 .096 .095 .106 .092 .0966 .00406 -3.4
at 0.15 RAC .148 .143 .144 .133 • J 43 .141 . 141 . 142 .141 .138 .1414 .00392 - 5 • 7 NO

(3) l\lcohol rrec
Suhjccts .000 .000 .000 .000 .OOS .000 .001 .000 .005 .000 .0011 YES

(5) rower Line Voltage

at 108 VAC .102 .095 .094 .098 .097 .097 .098 .093 .094 .103 .0971 .00335 -2.9
at 123 VJ\C .104 .096 .097 • O~16 .097 .096 . 0~)7 .097 .095 .100 .0975 .00264 - 2.5 YES

(6) Ambient Temperature
.....
\Jl at 20°C .092 .092 .090 .095 .093 • O~l1 .097 .093 .092 .094 .0929 .00202 - 7.1

at 30°C .099 .097 .098 .098 .096 .097 .098 • 097 .095 .097 .0972 .00114 -2.8 NO

(7) Post Vibration NOT Tl'3STr:n

Electrical Safety YES

~1 ~Iean

SO = Standard Deviation
Sf: SystC'matic Error, a.

0
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TABLE 3.  TEST DATA SMITH AND WESSON BREATHALYZER MODEL 
1000 SN2792 (SMITH AND WESSON) 

TEST 

4 

MEETS 
1 2 3 4 5 6 7 8 9 10 M SD SE REQUI REMENTS 

(162) Precis ion/Accuracy 

at 0.05 BAG ,049 -051 ,051 .048 -050 -050 * '.049 A .  050 '049 .049 .049 .001265 -1.2 
at 0.10 BAC . I 0 3  .I02 .099 .099 - 1 0 6  .09S ,101 .096 ' 0 9 7  -098 ,100 -003406 -0.0 YES 
at 0.15 BAC .IS2 -151 ,155 , 1 5 5  , 1 4 6  -147 - 1 4 7  . I 4 6  . I 4 8  ,153 .I50 .003360 -0.0 

( 3 )  Alcohol Free 
Sub j ec t .000 ,000 ,000 .000 -002 ,000 .000 .000 .000 .OOO ,0002 YES 

(5) Power Line Voltage 

a t  108 VAC .I01 ,100 ,100 , 0 9 9  .I02 -102 , 1 0 0  .099 ,098 -098 ,100 .001449 0.0 
at 123 VAC .101 .lo1 .I00 - 0 9 8  .I00 ,101 .I00 ,101 . I 0 0  ,101 .lo0 .0009485 0.0 YES 

Ã -̂ 
(6 )  Ambient Temperature 

(7 )  Post Vibration -100 .098 ,098 ,096 -101 ,100 .099 ,097 .098 .098 .099 .001509 -1.0 YES 

Electrical  Safe ty  YES 

M = Mean 
SD = Standard Deviation 
'SD = Systematic Error, 1 



, .

TABLE4.· TEST DATASMITHAND WESSONBREATHALYZERMODEL
1000 SN 2784 (SMITHANDWESSON)

MEETS
TEST 1 2 3 4 5 6 7 8 9 10 t-f SO SE REQUIREMENTS

(l &2) Precision/Accuracy
t,

at 0.05 BAC .049 .049 .050 .049 .-050 .051 .050 .050 .048 .048 .049 .001 -2.0
at 0.10 BAC' .101 .100 .102 .101 .097 .099 .099 .104 .101 .101 .101 .002 +1.0 YES
at 0.15 BAC .153 . ] 50 .15:) .151 .151 .148 . 151 .150 .IS1 .151 .151 .001 +0.6

(3 ) l\lcohol Free
Suhjccts .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 YES

(5) Power Line Voltage

at 108 VAC .099 .098 .099 .098 .098 .099 .100 .101 .101 .101 .099 .001 -1.0
at 123 Vt\C .101 .101 .100 .09~ .100 .100 .100 .099 .101 .101 .100 .001 0.0 YES

f-I..... (6) Ambient Temperature

at 20 0 e .100 .100 .096 .098 .098 .097 .098 .098 .098 .098 .098 .001 - 2. 0
at 30°C .102 .100 .101 .102 .103 .101 .097 .097 .097 .098 .100 .002 0.0 YES

(7) Post Vibration .099 .098 .100 .100 .099 .100 .100 .097 .098 .099 .099 .001 .1.0 YES

Electrical Safety YES

H ~Ican

SO = Standard Deviation
sr: Systematic Error, ..

~



TABLE 5. FIELD PERFORMANCE - BREATHALYZER 1000 
ACCURACY/PRECIS ION - 
(MEAN/STD DEVIATION) 

,050 . I 0 0  

SERIAL NUMBER 
LULAT10N 

MALFUNCTT ON 

Printer 

Breath 
Chamber 

1204903 
PA. 

0482567 
PA. 

0482569 
PA. 

0840222 
PA. 

Breath 
Chamber 

1072421 
PA. 

0740737 
PA. 

0640709 
ARK. 

Photo Ass'y  

2 8 2 6  
ARK.  

0451085 
A R K .  

0 9 6 2 2 0 2  
ARK. 



TABLE 5.. FIELD PERFORMANCE - BREATHALYZER 1000 (C~nt.) 

SERIAL NUMBER 
LULA11UN 

0740752 
ARK 

0662144 
OHIO 

ACCURACY/PRECISION MALFUNCTION 
AT RAC 

fMEAN/STD IIi-i'jIATI ON3 

* le out o f  
S t a n d a r d  

required by TOT/NIITSA 

A c c u r a c y :  * 101 @ , 050  BAG 
+ 5 %  P ,100 and , 1 5 0  BAC - 

Precision: Avg. S t d  rÃˆcvi:itio 5 ,004 BAC 
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1.0 INTRODUCTION 

The Department of Transportation Standard f o r  Devices t o  Measure 

Breath Alcohol Federal Register ,  Vol. 38, No. 212, November 5, 1973, 

e s t ab l i shes  qua l i f i ca t i on  t e s t  procedures f o r  development of a 

I Qual i f ied Products L i s t  f o r  ev iden t i a l  breath  testers. The primary 

ob jec t ive  of t h e  Qualif ied Products L i s t  is t o  ensure t h a t  Federal  
8 

funds provided t o  t he  S t a t e s  under Section 402 of t h e  Highway Safety 

Act of 1966 a r e  expended only f o r  e f f e c t i v e  breath  test equipment. 

The Standard requires  inves t iga t ion  of instruments placed on t h e  L i s t  

which subsequently f a i l  user acceptance tests, which otherwise f a i l  - 
t o  meet requirements of the  standard,  o r  which exhib i t  excessive 

. breakdown rates. I f  t h i s  inves t iga t ion  ind ica tes  t h a t  t he  devices 
- 

a c t u a l l y  so ld  on t h e  markgt.are not  meeting t h e  Standard, then t h e  

manufacturer w i l l  be no t i f i ed  t h a t  t h e  instrument may be dropped from 

t h e  Qual i f ied Products Lis t .  In t h i s  event t he  manufacturer s h a l l  

have 30 days t o  reply.  - r 

Based on t h e  DOT Transportation Systems Center inves t iga t ion  and - - 
t h e  da t a  presented i n  reply by t h e  manufacturer, t h e  NHTSA w i l l  make 

a de t emina t ion  a s  t o  whether t h e  instrument should remain on t h e  

Qual i f ied Products L i s t .  

The Smith and Wesson Electronics  Company Breathalyzer model 1000 

was t e s t ed  in 1974 and was placed on t h e  L i s t .  Excessive breakdown . 
a 

frequency and precision/accuracy problems have been reported by use r s  
* 

la s e v e r a l  s t a t e s .  Based on these  repor t s ,  t he  NHTSA I n i t i a t e d  a 



standards compliance investigation. The standards compliance data 

consisted of: 

o State Precision/Accuracy Data 

o Instrument Malfunction Reports 

o TSC Qualification Test Data 
I 

State precision/accuracy data were obtained from Maryland; malfunction 

reports were obtained from Maryland, District of Columbia, Pennsylvania, 

and North Carolina. TSC performed qualification tests on instruments 

furnished by the District of Columbia Metropolitan Police Department 

and the Colorado Department of Health. 

2.0 STANDARDS COMPLIANCE DATA 

2.1 State Precision/Accuracy Data 

88 Breathalyzer 1000 instruments were tested by Dr. Yale Kaplan, 

Toxicologi~ty Department of Post Mortem Examiners, Office of the Chief 

Medical Examiner, State of Maryland. 22 of the instruments failed to 

meet the requirements of the above DOT Standard for precision and 
r 

accuracy. Test criteria are; systematic error within Â 10% at 0.050 

BAC, 25% at 0.100 BAC and 0.150 BAC; average standard deviation not 

greater than 0.004 BAC. 7 of these 22 instruments had also malfunc- 

tioned. 11 other instruments met the requirements but were unacceptable 

due to malfunction, which was often failure of the printer to operate. 

Thus, a total of 33 of the 88 instruments were unacceptable. 18 of the 

above 22 instruments were re-tested and 11 of these were again found 
1 

unsatisfactory, 4 due to the occurance of malfunctions alone. There 
- 

were 10 systematic error failures and 19 standard deviation failures. 

The instrument was not approved by Maryland. Test data are appended. 



2.2 Instrument Malfunction Reports 

2.2.1 State of Maryland 

In the above precision/accuracy testing of 88 instruments, 27 

malfunctions occurred. These malfunctions are listed in Table 1. 

2.2.2 District of Columbia 

The Metropolitan Police Department used 23 Breathalyzer 1000 

Instruments from February, 1977 through November, 1978. Reports of 
1 

95 malfunctions were furnished by Robert Goldstein, Traffic Enforce- 

ment Branch, Metropolitan Police Department. These malfunctions are 
* 

listed in Table 2. 

2.2.3 Pennsylvania 

Louis R. Rader, DUI Coordinator, DUI Countermeasures Program, 

Schuylkill County, Pennsylvania, used 8 Breathalyzer 1000 instruments 

from March, 1977 through December, 1978. 19 malfunctions were encoun- - 
tered. These are-listed in Table 3. 

2.2.4 North Carolina 
Y 

The North Carolina Department of Crime Control and Public Safety, 

Division of State Highway Patrol, purchased 56 Breathalyzer 1000 r 

Instruments. These instruments are not being used due to the number 

of malfunctions encountered. Two instruments were returned to the 

factory on ~uly'19. 1978 for complete reconditioning and were subse- 

quently placed in service during the summer of 1978. Despite factory 

reconditioning the units continued to malfunction. W. K. Chapman, 

Lieutenant, Zone Operations, furnished the following information con- 
* 

:- 

corning the nature of malfunctions: 
* 

- 0 Control locking in purge mode. 

^ 
0 High readout in blank mode will not reset properly. 

.. . 
0 False reading using simulator solution. 

, . . *  .* *.: Ã§ . . I -  0 .  
* 

i ... . . 
0 "Positive -readout without sample. 

Ã£ 



2.3 TSC Standards Qualification Test Data

2.3.1 Test Procedure

All tests were carried out at TSC in the Fall of 1978 in accordance

with the Standard for Devices to Measure Breath Alcohol, Federal

Register, Vol. 38, No. 212, November 5, 1973. The ambient conditions

maintained for the tests were: 22-25° C, 30-60% relative humidity,

29-30.3 inches mercury, and operating voltage 117 ± volts AC'. These

conditions were maintained except as otherwise required by the specific

tests.

The specific tests carried out are listed below.

TEST NO. 1 - PRECISIONTESTSUSINGKNOWNETHANOLVAPORCONCENTRATION

This test was carried out in accordance with Section 5.1 of the

Standard.

TESTNO. 2 ~ 'ACC~CY TESTUSINGKNOWNETHANOLVAPORCONCENTRATION

This test was carried out in accordance with Section 5.2 of the

Standard. The test data obtained in Test No.1 are used for this test.

TESTNO. 3 - BLANKTEST USINGALCOHOL-FREETEST SUBJECTS
,

This test was ~arried out in accordance with Section 5.3 of the

Standard.

TESTNO. 4 - BREATHSAMPLINGTEST (SECTION5.4 OF THESTANDARD)

The National Highway Traffic Safety Administration has determined

This test was carri~~ out in accordance with,Se~tion S.S of, ~he

TESTNO. 5 - POWERLINE VOLTAGETEST

reported.

that this test requires modification.

....
..

• •

...
,

....

Results of this test are not

.. ''..
Standard.

A 6 --



TEST NO. 6 - AMBIENT TEMPERATURE TEST 

This  t e s t  was carr ied out  in accordance with Section 5.6 of t h e  

Standard. . 
TEST NO. 7 - VIBRATION TEST FOR MOBILE EBT 

This t e s t  was carr ied out  i n  accordance with Section 5.7 of the  

I Standard. A Unholtz-Dickie Model TK-100-20 shake t a b l e  w a s  used f o r  

t h i s  test. 

ELECTRICAL SAFETY INSPECTION 

Each Instrument tes ted  w a s  inspec ted  f o r  e l e c t r i c a l  s a f e ty  in 

accordance with Section 4.8 of t he  Standard. 

2.3.2 Design Changes 

In  addi t ion t o  t he  above tests, t h e  instruments were compared with 

a Breathalyzer 1000 purchased by TSC in 1974 when the  Instrument w a s  . - - 
f i r s t  Introduced i n t o  t h e  market. A number of design changes no t  

reported t o  TSC were evident between the  "old" and "new"units (see  

appendix) although the  un i t s  share  the  same model number. 

2.3.3 Test  Results 
/ 

Test  r e s u l t s  are presented in Tables 4, 5,  and 6. The da t a  

shown In Table 6 were obtained from a u n i t  with modified photometer 

apertures and extended photometer lamp "on" time as compared t o  t he  

Instruments used t o  obtain t h e  da ta  i n  Tables 4 and 5. The performance 
:- 

of t h e  instrument of Table 6 meets a l l  of t he  requirements of t h e  

Standard except f o r  systematic e r r o r  results a t  0.IOBAC and 0.15BAC. 
' 6  

The instruments of Table 4 and Table 5 f a i l e d  anumber of tests because 
.. . 

of -&ccessive, standard deviation and systematic error^ . . s a  0 .  



3.0 COMMENTS ON PRECISION/ACCURACY FAILURES AND MALFUNCTIONS 

3.1 Precision/Accuracy Failures 

The data from the State of Maryland show that the majority of 

statistical failures were due to standard deviation being out of 

tolerance. This result is seen in the TSC data except for the data 

In Table 6 which is for an instrument with a modified photometry 

system. The preponderance of standard deviation failures suggest 

possible problems with the breath sampling system of the instrument. 

The minimum volume of the breath that is "wasted" is only about 1/2 

liter. The high flow resistance encountered in delivering breath 

samples results in deleterious effects which when combined with the 

low minimum waste volume may cause significant scatter in the data 

obtained and, hence, standard deviation failures. Also, the modi- 

fications of the photometry system of the instrument of Table 6 is 

seen to decrease the number of failures. 

3.2 Malfunction Failures 
r 

The high frequency of malfunction seen in Tables 1, 2, and 3 

and in North Carolina indicate a serious quality control problem at 

the factory. It is apparent that a thorough review of quality control 

procedures at the factory is required. 

4.0 SUMMARY 

The State of Maryland has performed precision/accuracy tests on 

88 Breathalyzer 1000 instruments. 33 of these 88 instruments were 

- unsatisfactory. High malfunction rates were encountered by the 

Metropolitan Police Department, Washington, D.C., the D.U.I. 

Countermeasures Program of Schuylbill County, Pennsylvania, and the 



- S t a t e  Highway Pa t ro l  of North Carolina. 

Three Breathalyzer model 1000 breath t e s t e r s  were obtained from 

the  f i e l d .  These lastruaients were evaluated according t o  t he  Standard 

f o r  Devices t o  Measure Breath Alcohol. These instruments w e r e  compared 

with a Breathalyzer model 1000 purchased by TSC in 1974 when the 

Instrument w a s  f i r s t  introduced t o  the  market. A number of dif ferences  

were noted between the  "old" u n i t  and t h e  "new" (see appendix) although 

both t h e  "old" and "new" u n i t s  share t he  same model number. 



TABLE 1. MALFUNCTIONS: MARYLAND 

Item - 
Printer 

Control 

Ampoule 

Display 

Board 

Cover 

Acid Damage 

Number of Malfunctions 

16 

8 

1 

1 



TABLE 2. MALFUNCTIONS: DISTRICT OF COLUMBIA 

Item - 
Control Board 

Servo Board 

  eater 

Repair Replace 

1 12 

17 

1 

Breath Cylinder Board 

Pressure Plate Assy 

Photo Assy Board 

Photo Bulb 

Breath Tubing 

Magnet Assy 

Printer 

Photo C e l l  .. . . .. 
Calibration Wheel 

Numitron Tube 

Solenoid Valve 

Check Valve' - - 
Fan y 

Servo Motor 

Reed Switch 

Transistor 

Soldered Wires 

Return to  Factory (3) 



TABLE 3. MALFUNCTIONS: Schuylkill County 

Item - ' Repair Replace 

Control Board 

Breath Cylinder Board 

Photo Assy Board 

Photo Bulb 

Magnet As sy 

Printer 

Calibration Wheel - 
Breath Chamber 

Fan Motor 

Servo Motor, i - . - .. 

Malfunction not specified (1) 

In Shop (1) 



I 

TABLE 4. Smith and 
i Furnished 

T e s t  1 

Wesson ~retithal~zer model 1 0 0 0 ~ / ~  0782625. 
by Metropolitan Pol ice  Department, District of Columbia. 

Test Data 

I 

Meets 
( l m ~ r e c i  sion/Accuracy 1 2 3 4 5 6 7 8 9 -10 M S .D. * S .2. Requirmeiita 

a t  0.05 BAG .062 .057 .053 .059 .059 .054 .051 ,052 .057 .053, -056 .0038 +12.0 

at 0.10 BAG .lo0 .098 .096 .098 . lo0  .099 .I01 .I01 .lo1 . lo2 .I00 .0017 0.0 No 

at 0.15 BAC .I63 .I56 -149 .I51 .I51 .148.  .I54 -155 .I48 .I56 ,153 -0047 +2.0 

(3) Alcohol Free 
Subjects  .001 

( 5 )  Power ~ i n e  Voltage 

at 108 VAC , .106. 

a t  123 VAC . lo1  
> 
P (6) Ambient Temperature 
LA> 

Ã 

(7) Post  Vibration .I25 
Ã * '  

~ l e c  t r ical:  Safety . 

Yes 

Yes 

M - Mean 
Â 

S.D. - Standard Deviation 
S.E. - Systematic Error (2) 



I

<.

'lABLES. S.ltb and We8.OftBreathalyzer model 1000 SIN 0782622.
I Purnished by Metropolitan Police Department. District of Columbia.

.'
Test ~ Test Data Meet

(1&2)Precision/Accuracy 1 2 3 4 5 6 7 8 9 10 M S.D. S.E. Requirementl

at 0.05 BAC .070 .049 .052 .055 .051 .OS2, .052 .049 .050 .053 .OS3 .0061 +6.0
t ••

at 0.10 BAC .107 .104 .101 • ::lOS .104 .102 .- .107 .103 ,.103 .103 .104 .0019 +4.0 No

at 0.15 BAC .166 .157 .147 .' .157 -.152 .155 .155 .155 .151 .155 .155 .0049 +3.0
, 'I

(3) Alcohol Free ~~ .
Subjects .001. .000 .001 .000 .000 .000' .000 .000 .000 .000 .000 Yes

(5) Power Line Voltage

>- at 108 VAC .099 .100 .098 .099 .102 .098 .101 .091 .099 .096 .098 .0031 -2.0 Yes....
~

at 123 VAC .101 .099 .099 .100 .096 .098 .098 .09S .103 .102 .099 .0025 -1.0

(6) Ambient Temperature
~

at 20°C,. .097 .094 .084 .092 .087 .079 .P?7 .094 .107 .091 .092 .0078 -8 No
.. • ,If

at 300 e .11~ .111 .106 .104 .101 .10~ .099 .101 .099 .096 .103 .0053 +3

·(7) Post Vibration .133 .105 .105 .• 100 .106 .104 .103 .10b .104 .099- .106 .0098 +6 No

Electrical Safety Yes

•.'
M- Mean'

S.D. • Standard Deviation
S.E. • Syste~tic Error (%)

•·
.. •, .

-j



1 TABLE' 6. Smith and Weason Breathalyzer model 1000 S/N 62751. 
t Furnished by Colorado Department of Health, 

Teat 

(l&Z)Precislon/Accuracy 

Meets 

Requirements 

' Teat Data 

a t  0.10 BAC No 

Yes 

a t  0.15 BAC 

(3) Alcohol Free 
Subjects  

(5) Power Lif te  voltage 
>- 
h-Ã 
UI a t  108 VAC 

a t  123 VAC 
Yes 

(6) Ambient ~em~erature 

Tea 

Yes 

Yes 

(7) Post Vibration , 
t 

Electrical Safety 

M - Mean 
S.D. = standard Deviation 
S.E. = Systematic Error (7Ã  ̂

Â 
b 



I
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APPENDIXA

MAAYLANDPRECISION/ACCURACYDATA
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,

\

• •

I"
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IERIALf MEARVALUES STANDARDDEVIATION AVO FJCCESSIVEDq. MECHAHICAL ntsnmlmT
0.0501 0.1001. 0.150l 0.0501- 0.1001- 0.1507. SD at 0.100t PROBLEMS ACCEPTABLE(A)I

UNACCEPTAJ

)972374 0.0491 ,0.1001. 0.149'L 0.0031 0.0035 0.0025 0.0030 A

.972375 O.051~ 0.0991- 0.lS1? 0.0025 0.0022 0.0023 0.0023 A

)972316 0.OS11- 0.0971- 0.1491- 0.0033 0.0037 0.0061 0.0043 A

)972381 0.0491. 0.0981- 0.1431- 0.0011 0.0020 0.0027 0.0019 A'

)972382 0.0511. O.O99~ 0.1502. 0.0030 . 0.0030 O.OOlS '-0.0025 A

)972383 O.05~ 0.098? 0.lS0'L 0.0022 0.0020 0.0029 . 0.0023 A

)972384~ 0.0491: 0.098? 0.1481. 0.0017 " 0.0021 0.0049 0.0029 A
!

)972386 0.0501. : 0 .~0991. O.1471- 0.0021 0.0008 . 0.0032 .0.0020 ·A

)972387 0.0481. 0.091? O.145'1. 0.0069 0.0090 0.0024 '0.0061 4 U,

> )972388 0.0501. 0.0977- 0.1581. 0.0017 0.0026 0.0332 0.0125 pr~nter.. mode sequence U
~.....,

)972389 o.osrx. 0.1021- 0.1571 0.0024 0.0033 0.0045 0.0034 printer U

)972390 0.049;' 0.1001. 0.1511. 0.0037 0.0047 0.0085 0.0056 U
",

1972391 0.0481 0.1031- 0.1461- 0.0013" 0.0183 0.0162 0.0119 U,. ,
)972392 O.OS3t ",0.1067- 0.16crL 0..0037. 0.0044 0.0037 0.0039 3 printer U,

•
1972393 0.0511 • 0.1031- 0.1531., 0.0024 0.0026 0.0026 0.0025 printer U

1972394 0.050.1- 0.10'"11. O.150l 0.0014 0.0013 0..0024 0.0017 printer. mode sequence U
•

)972398 0.050? 0.099% 0.1472- 0..0023 0.0027 0.0033 . 0.0027 A

)972399 0.051%'.. 0.1031.: O~ 1581- 0.0018 0.0019 O.OOlS 0.0017 A

i972400 0.0511. 0.100% 0.1501- 0.0019 0.0032 0.0028 0.0026 A
• '\

•
*Excesslvo deviation at 0.100% - the number of tests perfornled which results were out the

range of ~O. 010i~, +0. 009ie on a 0.1001. simulator....



SERIAL # . MEAN VALVES 
0.050X 0.100% 0.150% 

TANOARD DEVIATION 
0.050% 0.100% 0.150% 

AVO EXCESSIVE DEU. 

mode sequence 

Ã 

printer 

*Excessive deviation ct 0.100% - the number of tests performed which results were out of the 
range of -0.010%, +0.009% on a 0.100% simulator -. 



.-.-. .....-... ._.........-- ..~ .
0.050% O.10~ O.lS<r& 0.050% 0.100% 0.150% SD., . DEV. at DEV. at PROBLDtS ACCEPTABLE(A)/

0.100%* O.lS~** UNACCEPTABLE(U
0162026 O.O54~ 0.109~ 0.1641- 0.0048 0.0069 0.008S 0.0065 4 9 U

0972373 0.0491. 9.1011- 0.IS2t 0.0013 0.0023 0.0024 0.0020 1 A

0972378 0.0501- 0.106'& 0.1581- 0.0022 0.0044 0.0081 0.0049 2 6 U

0972377 0 ..0501. 0.102~ 0 ..148'7. 0.0029 0.0023 0.0021 0.0024 A

0972379 0.0511.. 0.1071- 0.1571- 0.0024 0.0020 0.0026 0.0023 2 6 printer U

0972385 O.05r~ ~ 0.1031- 0.153% 0.0025 0.0034 0.0045 0.0034 1 2 A
.0972380 .0.0491. 0.1021. 0.1481- 0.0028 0.0056 0.0056 O.~O46 1 4 U.

0972395 0.051% 0.1061- 0.1551- 0.0040 0.0074 0.0035 0.0049 3 4 printer U

0972396 0.0511.' 0.1011. 0.1561_ 0.0032 " 0.0033 0.0067 0.0044 S A

0972397 0.0511. :0.1011- 0.1531. . 0.0019 0.0013 0.0026 0.•Op19 1 A

0972456 o.ostx 0.1041- 0.151t 0.0016 0.0026 0.0056 0.0032 S printer U

> 1072433 0.0511. 0.1031. 0.161t 0.0020 0.0026 0.0064 0.0036 8 U
....
\0 1072434 0.0501. . O.lOOl 0.1471_ 0.0015 0.0021 0.0029 0.0021 .2 A

1072435 mode sequence U,
#

1272441 0.048; , 0.O99~ O.lS0~ 0.0023 . 0.0045 0.0040 0.0036 1 1 'A

• ~

1272442 O.OSO't',0.102% 0.lS11 0.0025 0.0020 0.0028 0.0024 A,
1272443 "0.048l r 0.0981- 0.lS0't 0.0031 0.0026 0.0032 0.0029 1 A

1272444 0.049'; O.IOU~ 0.156~ 0.0032 0.0017 0.0046 0.0031 S 8IIIpoulecover doe. not U

. . I
fit properly

1272445 0.0541 0.0991- 0.1501- O.OOSS 0.0017 0.0023 0.0031 A

*E~CESS. DEV. at 0.1001 - the number of tests perfotmed Which result. were out of the range of
-0.01010. +0.009% on a 0.100~ simulator.

*1·EXCESS. DEV. at 0.1501. - the number of tests performed which results were out of the range of
t -0.005%, +01005%on a 0.150% simulator.
•

..



0.050% 0.100% 0.1501 o.mso~ 0.1001 0.1501 SD DEY. at DEV. at PROBLEMS A(;G~1"XADLr; lA)
O.100~* 0.1501 ** UNACCEPTABLE(

1'272446 0.051~ 0.100~ 0.1461- 0.0020 0.0039 0~0041 0.0033 1 6 A

1272447 0.0511. 0.100" 0.1491 0.0020 0.0017 0.0032 0.0023 . A

1272448 O.O50~ 0.098%. 0.1451. 0.0028 0.0028 0.0025 0.0027 5 A

1272449 0.049~ 0.0994 0.1521- 0.0019 0.0027 0.0045 0.0030 3 A

1272450 0.0501. 0.1051- 0.15Sl 0.0027 0.0045 0.0015 0.0029 4 A

1272451 0.0491. .0.1021- 0.157% 0.0030 0.0027 0.0058 0.•.0038 S A

1272452 0.0491. 0.1031. 0.1531. 0.0033 0.P037 0.0034 0.0034 1 2 A

1272453 0.0511.. 0.1011. 0.147% 0.0034 ,,0.'0039 0.0056 0.0043 5 A

O.0491 .~ 0.1011.
.

1272454 0.1511 0.0017 0.0013 0.0039 0.0023 2 A
..

1272455 0.0491. 0.1011. 0.1491- 0.0014 '0.0028 0.0015 0.0019 A

> 1272457 0.0481- ·0.0981. 0.147~ 0.0017 0.0017N 0.0027 0.0020 A
0 .

1272458 mode sequence U

1272459 0.0531 0.1001. O.lSon 0.0036 0.0042 0.0047'. 0.0041 7 ,A
,

1272460 0.0521. '0.0997- 0.154% O.0024~ 0.0041 0.0045 0.0036 3 A..
1272461 0.0511. ~0.10r! 0.1541- 0.0040 0.0076 . 0.0072 0.0062 2 4 u,
1272462 O.OSl1.10.0971- 0.1491- 0.0028 0.0017 0.0051 0.0032 3 shows three digits U

1272463 0.053~ 0.10t.1. 0.1531. 0.0020 0.0054 0.0015 0.0029 1 1· A,
•1272464 0.0511. r 0.1031. 0.1521 0.0020 0.0057 0.0052 0.•0043 1 1 A

*EXCE'SS. DEV.at 0.1001. - the numberof tests 'performed which results were out of the range of
.- -0.010% t +0.009% on a 0.1001. simulator. ~

*1':EXCESS~ DE.V. at 0.1501. - the number of tests performed which results were out of the range of

• -0.005%, +Q.005% on a 0.150% simulator •.
1 -.



•
0.0504 0.1007. 0.150'1 O.O.5~ U.IUU,. U.l~U'& :UJ u.tv. at UlSV. &1: a\l\#J:,r "'nD"'~v'

0.100~* 0.1501.** UNACCEPrABI
,,0972413 mode sequence U

,0972414 0.051?; 0.101'; "0 .lS1'1~;· 0.0021 0.0028 0.0023 0.0024 1 A
I

"'0972456 0.0491. 0.100~ O.IS0~ 0.0020 0.0021 0.0030 0.0023 A

fl072426 0.O48~ O.100~ O.lS6% 0.0027 0.0040 0.0062 0 60043 S, A

~1072433 0.0531- 0.108~ 0.158l 0.0027 0.0028 0.0072 0.0042 4 S printer U

~1272444 0.0521..0.1031. 0.153l 0.0027 0.0038 0.0046 0.0037 1 3 A

-+1272458 .0.OSr1. 0.1011- 0.lS51. 0.0029 0.003"S 0.0047 0.0031 4 A

;1272461 0.050'1 0.1051- 0.1511. 0.0038 0.0086 0.0061 0.0061 3 3 U

*1272462 0.0501.:. 0.0991 O.149t 0.0034 0.0039 O·.·Q048 0.0040 3 A
..

" 1272468 0.0521- 0.101'; 0.1561. 0.0029 0.0027 0.0044 0.0033 S printer U

Jt1272469 0.053'1.' 0.1031- 0.157% 0.0041 0.0033 0.0041 0.0038 1 6 printer U
>
N

+ 1272472 0.0511. 0.10~ 0.1521- 0.0039 0.0033 0.0045 A.... 0.0039 2

1272484 0.0511. 0.099" 0.1471. 0.0029 0.0027 0.0088 0.0048 3 printer U
,

1272485 o .0497.~ 0 &1001. 0.lS11- 0.0030 0.0017 0.0039 0.0028 2 printer U
p'

1272486
. ,

0.0501.. 0.101T. 0.1551- 0.0030 0.0040 0.0071 9.0047 1 4 U,
+ 1272lt77 • mode sequence U.'

0972!a12 0.051:' o.uo ~ O.lS7% 0.0017 0.0022' O.OOh4 0.0027 7 A
•

la72h35 0.059%'0.100% 0.1,6% 0.0014 0.0022 0.0071 0.Q03)~ 6 A

.-
*EXCESS DEV. at O.lOO~ - the number of tests performed which results were out of. the range of

• .0.QI01., +0.0091. on a 0.100~ simulator •
'**EXCESS DEV. at 0.1501. - the number of tests perfo~ed which results were out of the range of

-0.005%, +0.005% on a 0.150% simulator.
_~ not MSPpropcl~Y

, I I



mode sequence 

u 

A 

A 

A 

printer U 

A 

printer U 

*EXCESS DEV. at 0.100% - the number of tes ts  performed which results were out of the range of 
Â . -0.0107., +0.009% on a 0,1007. simulator 
**EXCESS DEV. a t  0.1507. - the number of testsperformed which results were out of the range of 

-0.005%, +0.005% on a 0.150% simulator. * not fiSP property I Ã 

. . / , / ,  



0.1007. * 0 .  15m** UNACCEPTABLE 
1272465 0.052% 0.103% 0.153% 0.0039 0.0039 0.0029 0.0035 I 2 A 

acid damage 

Dm. at 0.100% - the number 
-0.0107., 

DEV. at 0.150% - the number 
-0.0057., 

t - 
. <' 

of tes ts  performed which results were out of the range of 
+0.009% on a 0.100% simulator, 
o f  tes ts  performed which results were out of the range of 
+0.005% on a 0.150% simulator. 



APPEND I X 

STANDARD FOR DEVICES TO . - .. 
MEASURE BREATH ALCOHOL 



NOTICES 

- 
DEPARTMENT OF 

TRANSPORTATION 
National HIghwiy Trtffte SÃ‡fÃ‡ 

Mmtnistrtion 
HIGHWAY SAFETY PROGRAMS 

Â¥tanda for D * v < c ~  to MMMUÃ Â¥mat 
- - Alcohol 

The purpose of thb notice I* to publlah 
Ur details of a prcxmm for development 
of f t  qmLUfled product* lilt for use by the 
NftUOn*I Hle t iwi~  Traffic W e t 9  Ad- 
Bilaiitntlon. Ã§a by 8Ute m d  local fov- 
V t l  wing Federal fund* for Fur- 
&Wag e d d m U d  b m a t h - b U  map- 
meat. 

c ThÃ Hlfhwar 8kfet; &t of 1- pro' 
vide* Uut Ã§*c State di*U luve ft Ugh- - 

, 

w ~ y  ufe ty  p-m designed to reduce 
motor vehicle accldeotJ and deaths. in- 
Juria Ã§a property d u n u e  ruuJUnz 
therefrom. The of Truuoor- 
tetloo te ctiiriri vim toe r u p o o a w t y  
tor devdoptog uniform atand&rdJ for 
h lxhwu *&few procranu. punuant to 
Â¥ecUo 402(a) of the Act. nnd for c a m -  
lax out ft research and demon~tnt ion 
procrun. pursuant to section 603 of the 
Act. From the outset of the program. 
development of a broadly-based alcohol 
eountenneuurea progratn h u  been a 
hhh priority. Highway Safety Program 
Standard No. 8 coven Alcohol in Rela- 
Uon to Hlghway Sttety. and establishes 
requirement* for the Ãˆlcohol-relate 
~pÃ§ct of the State programs. ThÃ stand- 
u d  lncludea requ i~ment i  for leÃ§islativ 
actton* (such u development of implied 
eoofcnt hws. m d  hws utabUshing pre- 
munpUve levels of Intoxication), as well 
u for development of breath testins and 
other law enforcement capabilities. The 
NHTSA bas Biso conducted a vigorous 
rcwuch m d  demonstration effort to td- 
-nee the available technology in this 
field. 

In these effort* it  bu been clear that 
development and use of accurate testlnir 
devices Is essential All jurisdictions cov- 
Â¥re by the Act now have Implied consent 
atutes. All but four have statutea estab- 
Ibhlag a 0.10 percent blood alcohol level 
or lower u a presumptive level of In- 
toxication. Some Statea have also re- 
cently adopted statutes establishing a 
certein blood alcohol level u illecal "per 
B", for a person la control of a motor 
w w t .  

In addition to a requirement in Stand- 
ard No. I far develooient of controls 
relsUnx to breath-testing acttrttles. 
Voluaw 8 of the Highmy Safety F7agr~m 
M m u l  provides additional rndellnes 
tor kulsting States in implernentlng pro- 
m. Section N, paragmph 3 of the 
Mutual deals Wth chemical tests for 
alcohol Iropalrment. The requirements 
with respect to breath testa w e  further 
-itled in mbÃ§ectio 3fc). -Analysis or 
Breath". This section provides certttn 
Â¥ptclflcatlon for the accuracy of breath- 
testing equipment to be used la the law 
&orcement proceu. With the rapidly 
advancing breath-*en&? technology 
there h u  been a proliferation of new 
devices being offered on the fnxrket for 
use by police la enforcement programs. 
As f t  result of these development* there 
is 8 n Ã §  for an extension of the reauire- 
menti currently provided in Volume 9 
of the Manual. Offlclals from Stale and 
local governments have requested mtd- 
m c e  In maklng purchase*: court develop- 
ment* have hlghllghted the linporttnce 
ef t u h c y ;  and the eontlnulnu use of 
Fvdeml funds tor purchasing breath- 
testing eautpment mi tes  It Important to 
emure effective expenditure of the funds. 

To meet this need a variety of stand- 
ards are being developed by the National 
Bureau of Standards (NBS) for the 
NHT8A. The first of these standards ' 
coven evktentl~I breath-testttn devices. 
The development of thi* stondud ln- 
eluded a review of the curreat state of the 

* .. . i 
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ut In bmth-testtag devices to develop 
ft performance ttandard against which 
device* could be tested and a aualified 
products Ust developed. The effort began 
WtIaIly in the Committee on Alcohol and 
Drugs of the N~tlonal Safety Council 
fhT3C4 and has been carried through by 
the NHTSA in close ~ollaborÃ§tlo with 
the Natlonal Bureau of Standards. Since 
m y  manufacturers may wish to sell 
products to the NHTSA and State and 
local governments using Federki funds 
it Ã§ decided that a comment and is- 
sis tuce on the standards would be 
sought from manufacturers as well as 
from scientific and other technological 
experts. In December 1972. m u l a c -  
turers were sent copies of the draft 
standard for review. The NB8 mailed a 
draft of the itandard. with a requesc 
for comments or suggestions. to 32 man- 
ufuturtrs.  52 State governors' repre- 
sentatives and highway safety coordma- 
tors (with a request that they forward 
an additionÃ§ enclosed copy of the draft 
to their Stftte official responsible for se- 
lectlng or  purchasing breath-testlng 
equipment). and 31 other experts In the 
field, most of whoa were members of the 
Executive Board of the Committee on 
Alcohol and Drugs. Natlonal Safety 
Council Replies have been received from 
13 manufacturers. 30 S u t e  officials. and 
6 other experts. Comment* were also re- 
ceived from 8n atfhoc review aubcomnut- 
tee of the NaUon&l Safety CouncU Com- 
mlttee on Alcohol 8nd Drugs. 

Generally the letters approved of the 
draft. although most letten contained 
suggestlons for change. Subject- most 
frequently mentioned were the Ãˆysk 
of units, the definition of blood alcohol 
equivalent (BAQ) kad the speclflcity test 
using alcohol-free subjects. 

A* a result of these suggestions, the 
iir.ita for blood alcohol concentration 
were chmeed from mg/r!al to the more 
famlUsr percent *eight by volume tper- 
cent W/V) based upon grams of alcohol 
per 100 nalllUlters of blood. The deflnltlon 
of BAQ was eliminated. The name of the 
sveciflctt~ test w&s chinged to "Bla-nk . 
Retding" test. The scope of the standard 
was also changed to Include mobile evi- 
dentlal breath testers. 

Three letters suggested that the preci- 
don and sccuracy tolerance* were too 
tight and three others (including the 
Committee on Alcohol and Drugs) sug- 
gested that these tolerances were too 
loose. After restudying the data. NBS 
decided not to chinge'these tolerances. 
which are b s e d  on a chi-square test 
a t  the 95-percent confidence level using 
data from 90 tests a t  NB8 with three dif- 
ferent breath testers a t  the three con- 
centration levels. 

m i c e  of the 8vaUablUty of the draft 
for review was also published In the 
Commerce Business Oallr In December 
1972. 

The result of this review and delibera- 
Uon is the standard testing procedure 
Â¥e forth below. Items meeting the ftand- 
Ã r̂ will be included on a auaJIfled prod- 
uctÃ lift that r̂tll & used to determine 
8ccepUbLUty for purchue by the Fed- 
e n l  Government la ita effort* &ad for 



purchase by the State and local govern- 
ments with funds available pursuant to 
weUon 402(a) of the Act. 

QukUficaUon testing to these stmd- 
uds. of product* submitted by mmu- 
facturera. will be conducted by the DOT 
Trimportation Systems Center (TSC) . 
Sf  Broadway. Cambridge. Massachusetts 
02142. The National Bureau of Standardi 
will ut as consultants to the Transpor- 
tation Systems Center In the conduct of 

. thue tests. Tests will be conducted semi- 
uiaudty. Mar~ufscturers wishing to sub- 
alt devices for evaluation must apply for 
8 test date to the Department Systems 
Center not later than 4 weeks after pub- 
UeftUon of this notice. Normally. a t  letst 
10 days will be required from the date 
Of notlftcation until the test can be 
scheduled. One week prior to the sched- 
tiled Initiation of the testing program. 
the manufacturer will deliver two units 
of bis equipment to TSC. I n  addition to 
the Operator's Manual and the Mainte- 
yunce Manual normally supplied with 
the purchase of this equipment. the 
manufacturer shall deliver to TSC speci- 
flcfttlons snd  dnu-lngs which fully de- 
&be these units. Proprietsry l n f o m -  
tion will be respected. 

The two units submitted must be a 
prototype model. One of the two units 
will be returned to the manufacturer a t  
the  end of the testing period. The United 
Bates will reserve the right to p~ChaSe  
the  rematning device a t  its discretion. 
The mftnuf6cturer will have the right to 
ehuk his units between the arrival in 
Cambridge and the start of the test. but 
will have n o  8ccess to the uftita- during 
the  testa. Any malfunction of the device 
Which results in failure to complete -9 
Of the tests satisfactorily will result to 
gallure of the qua1Iflcation program. If a 
&&ce fails, It may be resubmitted for 
next testing series. 

AU testing 13 expected to be completed 
within 3 months of the date of publica- 
tion of this notice. The test results will 
b* tnnamitted to each manufacturer. On 
the bull of these results. the NHTSA will 
develop a qualified products list covering 
the evidential breath-testing equipment. 
It to expected that within 6 months of the 
publlcatlon of this notice a n  NHTSA Di- 
KCtlve will be Issued amending Volume 8 
of the Highway Safety Program Manual 
to Include the quklifled products list u a 
funding criteria. Only devices appearine 
on thlÃ list wlll be purchased with Fed- 
1*1 funds available under sections 402 
(a) or 403 of the Act. However. units not 
1 the list may be purchased by DOT or 
RBS {or Â¥~~crimenUL or developmental 
terttas. 

Retesting of devices will be conducted 
under severftl circumstances. Pint.  it b 
Â¥xpecte that mnual periodic testing will 
be conducted uulng devices purchased on 
the open muket. Second. the N H T S A  
latends to modify and hnprove these 
-dud8 u new data and test proce- 
duru become avllable. I t  Is Intended. 
for example. to add to the standards 
mother lection defining means of check- 
ing for the c ~ p ~ b l l l t y  of a device to col- 
lect deep lung air by the use of rebreath- 
tee techniques. It I* kUo intended to 

NOTICES 

Increue the rwulreinents for accuracy 
&nd precision U warranted by cost-eBec- 
tlveneo consideratlons. A requirement 
may be added for Instruments to produce 
a permanent record of the test remits. 
Comments and recommended revisions 
are invited from all Interested parties. 
Suggestions should be addressed to the 
Woclate Administrator. TraBc Safety 
Programs, National Highway Traffic 
Safety Administration. DOT. 400 7th 
Street. SW. Washington. D.C. 20590. No- 
tification will be provided in the FIDIML 
RIGISTZR of each such modification. The 
manufacturers whose equipment has a1- 
ready been tested to the standard will be 
notified to resubmit the equipment for 
testing to the new specification only. 

Third. if a t  any time a manufacturer 
changes the design of a device currently 
on the NHTSA qualified products list. the 
manufacturer should submit the pro- 
posed changes to the DOT Transvorta- 
tlon Systems Center for review. Based on 
this review, the NHTSA wlll decide 
whether the change will require retesting 
of the unit. Normally, such retestmg will 
be accomplished a t  the next annual test- 
ing period. In special cues, however, the 
NHTSA may. a t  Its option, permit an 
earlier retesting of the device. 

The primary objective of these stand- 
arda Is to ensure that Federal funds oro- 
vided to the States under Section 402 01 
the Highway Safety Act are expended 
only ior  effective breath test equipment. 
A second objective of these standards Is 
to assist the State and local communi- 
ties by providing a centralized qualiflca- 
tion test program for breath-testine de- 
vices desiened to collect evidence in law 
enforcement programs. These standards 
are not intended to replace the current 
qualification programs required In cer- 
tain States for this equipment or to di- 
rectly regulate the manufacture of 
breath-testing equipment. However, 
some States may wish to make use of this 
program in addition to setting their own 
requirements. Finally. It is hoped that  
these standards can assist industrial or- - 
ganlzatlons in producing breath test 
equipment by establishing a minimum 
national performance standard against 
which they can develop their designs. 

Accordingly, the DOT performance 
standard for evidential breath testers to 
measure alcohol content <hall be as set 
forth below. 

.-- - ~ - -  

Fourth. the DOT Transportation Sys- 
terns Center will. on behalf of NHTSA, 
establish a Standards Compliance Intor- 

. 

mation System (SCIS) for the ournose 
of eliciting Information on the perform- 
ance of devices listed on the NHTSA 

Issued on: October 30.1873. - 
&LARD Y.  HOWILL. 

Acting Associate Administrator. 
Traffic Safety Programs. Na- 
m a t  Highway Traffic Safety 
Administration. 

---- - -  . - 

solicited from State and local agencies 
on their acceptance testing. In addition. 
field performance data wffl be obtained 
from law enforcement agencies using the 
equipment. User reports will be elicited 
to assure that (1) devices continue to 
perform According to the NHTSA stand- 
ard. and (2) experience in field use does 
not indicate an excessive breakdown rate 
or. mahtenance problems. 

If information gathered through the 
SCI3 indicates that a n  Instrument on 
the qualified products list is not perform- 
ing In accordance with the N?ITSA 
standard. the Tnnsportatlon Systems 
Center will initiate a speclal Investiga- 
tion. This study may Include visits to 
users and additional texts of the device 
obtained from the open market. If this 
investigation indicates thct the devices 
actually sold on the market are not meet- 
ing the NHTSA standard, then the man- 
ufacturer will be notified that the in- 
strument may be dropped from the 
qualified products list. In this event the 
manufacturer shall have 30 days to reply. 

Bfed on the DOT Transportation Sys- 
tems Center InveitigaUon and the date 
presented in reply by the manufacturer. 
the NHTSA will make a detemlnatlon 
u to whether the instrumentation should 
remain on the qualified products list. De- 
vices dropped from the list may not b 
resubmitted for reconsideration for a 
period of 1 year. Upon resubmission. the 
manofacturer must submit a statement 
describing what h u  been done to over- 
come the problems which ledsto the 
dropping of the device to auutlon from 
the UJt. 

COMTCMT 

I. Purpose and Scope. The purpose of 
this standard is to establish ptrtormance ' 

requfrements and methods of test for 
evidential breath testers. Evidential 
breath testers (EBT) are Instruments 
which measure the alcohol content of 
deep lung samples of breath with suf- 
ftcient accuracy for evidential purposes. 
The standard u a whole is intended mi- 
manly for use in qualification testing of 
FBT. 

2. Classificatim. 
2.1 Mobility. 
2.1.1 Mobile evidential breath testers. 

EBT which are designed to be transported 
to nonftxed operational sites in the field. 

2.1.2 Nonmobile evidential breath 
testers. EBT which are designed for op- 
eration a t  a fixed location. 

2.2 Power source. 
2.2.1 Battew powered evidential 

breath testers. EBT which are powered 
by batteries. 

2.2.2 A.C. powered evidential breath 
testers. EBT which are powered from the 
R.C. power lines. 
3. Definitions. 
3.1 Alcohol. Ethanol: ethyl alcohol. 
3.2 Blood a l c  o h o 1 concentration 

(SAC). Blood alcohol concentration. ex- 
pressed In percent weight by volume 
(percent w/v) hued upon (rains of Ã‡J 
coho1 per 100 mlIpters  of blood In ac- 
cordance with the Unitom Vehicle Code ' 

1 Coph8 o f  the Uniform Vehicle Code Bup- 
pl*mÃ§n I I071 u* kv&Uable from ttfpÃ§ 
t i o n i  Commltf  on  Uniform m m c  ~ Ã §  : 
and O r d u c u .  Oil North L-XnfAnt Pl&U. SW. 
WÃ‘hlwton D.C. 10034. 

. -*  
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.
•••.~ .

•. 8.3 It a temperature correction is
required. this correction shall not ex­
ceed 20 percent ot the uncorrected value .

•. 1 Vibration stabllztJl 01 mobll~ EBT.
Evidential breath testers shall measure
the alcohol content er vapor mixture~

with Ii systematic error of no more than
plus or minus 5 percent and a standard
deviation ot no more than 0.02 mIll
(0.00. percent W/Vl alter they have
been subjected to the Vibration test In
accordance with 5.7.

•. 8 EI~trical ,a/etl/. EVidential
breath test~rs shall meet the toUowin,
requirements ot the American National
Standard Electrical Satety Require­
ments. ANSI C 39.5-196.:' 3.1. Shock
Hazard; 3.1.1, Grounding; 3.•• F1am­
m:LbUitv; •. 1.1. Markinr ot Terminals:
•. 1.3, Male Plugs; •. 2.1. Internal IWlr­
tnr and Cabling): and •.•. Over-Current
Protection.

•. 9 Operator's malllUZl. An operator's
manual shall be supplied by the manu­
tacturer or distributor 1l.·itheach eviden­
tial breath ·tester. This manual shall
clearly state the Instructions tor opera­
tion a~ maintenance of the Instrument.
and shall 1nclude the !ollowlnr infor­
mation.

(al The r&n1rU of temperature. atmos­
pheric pressure and relative humIdity
within Which the Instrument Is deslrned
to be operated.

(b) Any temperature corrections to
compensate tor ambient tem~ratures

outside the range ~ven In •. 6.1.a.
5. Test methods. The ambient condi­

tions ot temperature. pressure. &nd hu­
midity shall be Within the ranles seeet­
tied In •. 5.1 durinr the tests described In
5.1•.5.2. 5.3. 5.•• 5.5. and 5.7.

5.1 Prectnon test U&ing klloum ethanol
"aJ'(lr COflC~trl!tioll.s_

5.1.1 Connect a device Which sup­
plies known concentrations ot ethanol
vapor to the evidential breath tester In
accordance with the Instructions In the
operator', manual. The deVice and the
ethanol mixture used therein shall meet
the requirements of the standard tor
breath tester calibratlnr units.

5.1.2 Flush the sampllnl aasembly ot
the Instrument completely with the alco­
hol vapor sample u described In the OP­
erator's manual.

5.1.3 Usln. the evidential breath
tester. measure each ot the three Icnown
ethanol vapor concentrations listed below
ten times:

(al 0.2. mr/I (0.050 percent W.'Vl.
(bl 0.48 mrll 10.10 percent W IVI.
(Cl 0.72 mrll (0.15 percent W, VI.
5.1.. Por each of the three sets ot ten

meuurements made In accordance with
5.1.3. calculate the standard deviation.
(See s&mple calculation in appendix A.l
Addthe three standard deviations and
divide by 3 to obta1n the averare stand­
ard deviation.

5.2 Aceurac" te,t uift" 1cnolDtlethG­
ftQl taJ'(lr eoncetltratiOft,. Use the test

""...' ....~

•.• Breath ,alii "lin". Since the
breathlblood correlation wW be poor If
an Improper breath .ample Ia taken. the
Instrument readlnl &hall be compared
With direct meuurementa ot capWArY or
venous whole bloocl ,am pies. In accord­
ance With 5.•• to test tor deep-Iun, sam­
plm, pertormance.

NOTIr.-Th. u. of thl. _t III tb. stand­
ard doe. not lanply that dIrect blood m... _
unmeDU are nec_rtly the onl, poseltll.
""ana for checlnnl th. d"p-Iun~ .. mpHn,
performallce of the Instrument. It all accept­
abl. performaDc, tat whlcb Inyolves bfftth
&lcoholmeuurement alon. Ia deYeloped.re­
YIalOIlof thUl .tallll&rd will be coniidered.

. ..

• .•. 1 The limits to biu In breathl
bloocl correlation shall be zero and
-0.020 percent W/V loS determined by
the value ot t, Che evidential breath
tester readinr correspondlnr to a SAC of
0.10 percent W-'V on the breathlblood
correlation llne drav;n In accordance with
5.•. 13. That Is. the value ot t shall be
between 0.08 and 0.10 percent W;V.

•.•. 2 At le:J.St 5even ot the eirht
breath-alcohol data points calculated In
5.•. 10 shall not depart trom the breath I
bloocl correlation line by more than
::0.020 percent W IV. That Is. at leut
seven ot the eirht breath-bloocl points
plotted In accordance wtth 5.•. 12 shall Ue
between ·the two lines drawn In accord­
ance wtth 5.•. 1. parallel to the breathl
.bloocl correlation line and pus Inc
throu.h the POints t +0.020 and t -0.020
percent WIV.

•. 5 Power.
•. 5.1 When' .. c. powered evidential

breath testers are operated at s.e. llne
voltares ot 108 volts and 123 volts (nns)
In accordance wtth 5.5. the systematic
errors sh&U not exceed plus or minus 5
percent. and the standard deviations
shall not bceed 0.02 MIll (0.00. percent
W/VI.

•. 5.2 Battery powered evidential
breath testers shall have an indicator
which warns when the accuracy and
precision requirements (•. 1 and •. 2l,
cannot be met because of battery condi­
tion'.

".5.3 The operator'. manual supplied
with battery powered evidential breath
testers shall state the approximate num­
~r ot breath testa which can be per­
tormed before battery replacement or re­
charginll' Is necessary.

•. 6 Ambient condition,.
. ..6.1 EVidential breath testers shall
meet the requirements of this standard
when operated 1l.ithlD the tollOlllo'inram­
bient conditions.

(a, Temperature: 2O·C (81'P) to
30'C 115·F). .

(b) Pressure: 135 mm (25 In) to ,.,
mm (31lnl Hr.

I c I Relative Humidity: 10-110percent.
•. 62 When an evidential breath

tester Is deSlfI1ed tor operation at tem­
peratures outside the limits apeclfted 1D
•. 6.1.a. the Instrument shall tie tested 1D
accordance with 5.8 at each ot the specl­
ned limits outside the ranle 20·C to
30·C. The systematic errors shaH not ex-" .~I.I of thta AN\I publlcatlOIi _, be
ceed plus or minus 5 percent and the Obtained from ui. AJIlerlC&llNaUonal Stalld­
standard deV1aUons shaU not exceed 0.02 aru In.Utur.. Illc.. Ino Bro&d_,. H.w
1DI'/1 <lUO. percent WIV) • .. Tor&. N.w Tork 1001'.

• Tb .. COftYerlllontactor UI buecl on a com­
_1,lUId yalue rKornmended by the Com­
1111"" Oil Alcohol and ON .. ot the NaUoD&I
aat.Cy COUDCU:that Ia. :1.1 IIten of "Qeep
lVDC" alz'a' U·C CODtalllSapproxlmat.I, the
__ quail tIt, ot ethaDol .. 1 IIl1 of Clrculat­
l1li pUlmoaar, arterial blood. see. for u­
ampl&, a. "'. R&f1rer.a. B. Pam.y and a. S.
..... "l:ftlmatlOQ ot the Ln.1 <1f Blood
AlllObCll from "n&lJlI. ot IIrllth." Quarterl,
.roumal01 atlldlM Oil AlooIlol. Jr, 1-1'
CltN),

··11l-t02.Hal (Supplement 1. 19721. A
BAC ot 0.10 percent 9//V 18equivalent to
0.10 lrams ot alcohol per 100 mlllUlten
,JJt bloocl (O.IOI/IOOml or 1.0ml/mH.

Alcohol concentrations in either breath
or In vapor mixtures are expressed In
m1lUrrams ot alcohol per llter of vapor
(m,/I l. For convenience. an equivalent
BAC will be II ven In percent wIV in
parenthe!es. To convert a vapor concen­
traUon In Wlits ot mill to units ot
percent W/V. mulUply by 0.21.

3.3 Qu4li/lcation test«. Tests per­
fonned to cheek the compliance ot a
procluct·.·lth the requirements ot a
atandard In advance er, and Independ­
ent ot, any spec11\c procurement action.

3.f Standard dtt'iation. A common
IDdleaUon of precision amonl repeated
meuurements ot a slnlle quantity liven
by:

8taIlda ... %)IYl&tlon=,/~ (x:"X)'
If-I

wtleN:
Jf=the ll\Uftberof m.... urements.
Z=th. Yaha. of a Iinci. m'UUNm.nt. ancl
it = th. m.all ot all X' ..

An equIvalent tonnula whtch Is otten
more convenIent for pertormlnr calcu­
IaUoas18:

8ta1ldard %)IYI&t1on= ./ :1

(awn ot Zl'
.... N U=Sum ot X.- ---",--

1.5 SJI,tematic error. The dl1ference
bet.een the mean measured value and
the known value. expressed u a per­
centiLle ot the kn01l.11value.

.. Jeeqldrementl.
•• 1 Precision. Evidential breath test­

ers Iha1I mea.sure the alcohol content ot
npor mixtures s1th an' average stand­
ard deviation ot no more than 0.02 mill
(0.004 percent W;VI When tested in
accordance with 5.1.

.. 2 Ac:eurCZCN.Evidential breath test­
en Ihall meuure the alcohol content ot
npor mll(tures WIth a systematic error
of DO more than plus or minus 10 per­
cent at an ethanol vapor concentration
of 0.2. mill 10.050 percent W/Vl, and
DO more than plus or minus 5 percent at
cooeentrations ot 0.48 mill (0.10 per­
cent W/Vl and 0.72 mrl1 10.15"pert"ent
WIV), .hen tested In accordance with
.~. ,f" Blan1c readin". Evidential breath
testerl shall mdlcate an averale Instru­
meat read1Dr ot no more than 0.048 mgl1
(0.010 percent W/VI when breath trom
alcohol-free subjects Is tested In accord­
&DC. wUh 5.3.

*.

.'
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•••

be dr.wu. and 120 mi.'1utes If venous 'e) Y ... as uie averaae of Y•• Y, and v;
bloodsam~ .reto bedr.vm..~the Id) YL. as the .\·er&ie of Y" Y. and Y..
w&lUI:4rper10cl the subjects shall not con- Ce) x:u the .ver&/(e of all eight X
&wne &:17 .u:oaollc beverages. Those sub- values.
Jecta Yh.o 1l%Iak.emay do so. but Ihall (f) Y ... the .verace of .U elch: Y
ltop at least 20 mlnutes before the test- values.
1J:g beguu. ...

5.4.8 Blood samples. to be taken by • " .•. 12 Plot on lTaph paper the points
medically Quallned person. shall b~ either eorresponl11ng to (X. Yi. (X •. Y,". IX •.
"enous blood trom ttle cubital Rm! \,rm or Y •.1 lind the elllhl creath·blood pOInts
c.pl1lary blood from the r.n~cr tip. ccrrespcndmn tc IX•.Y I. IX,. Y,I .• • •

5.4.7 Instruct each subj'!ct lndlvl.:2- I1C•. Y.I lsee t\l:".lre III appendix BI.
WIlly u to the m&r\Mr in ~hlch l\ I:re3th 5....13 Dra1l.·l'!strdl!ht line. referred to
specimen IIIto be dehvered to the :n5trLl- as uie "bre ..Lh. 01.>0<1eorrelatron line"
ment under test. In accordance with the throurh the pOint IX. Yl and parallel to
operator'1 m.nual. The tes' shall then • llne inot drw.1l.'nin the graph) Jomini
proceec1 .. follow$. the points ex•. YLI and CX•. Yn).

5.4.7.1 Take the subject's breath sam- 5.4.1f Dr.w t'llrOlines parallel to the
pie and obtain the Instrument readlr.g. breath/blood correlation line and pa.sSlr.g

54.7.2 Take'. blood sample within 2 through the .pOlnts 1'+0.020 .nd
minutes after tak.lng the breath sample. t -OO~O"i, W IV.

5.4.73 Repeat 5.4.7.1 talUni care that 5.5 Pnw~r line lioltaQC test.
the breath testing l.,.trument has had 5.5.1 Ao>,·lyline power to the a.c. pOll...
su!:lrient recovery time. but aUo1l.·In~ no ered ED1' u:'\der test through a variable
more than 8 minutes bet .....een the taltin'l' autcrransrcrmer having a nomm:Ll input
of the ttr.\t and second breath samples. voltage of 117 volts a.e, and an output

The blood samples ~nall be .nalyzed adjustable between 0 and 130 volts. and
with1D 72 hours .fter beine ta.ken. \l5lng a ha\'ing a current ratmg as required by
method of anaIys!s Which meets the re- the Instrument under ~st. Any voltage
Qwrements of 5.8. No less than two de- rell11latint device used wtth the tnstru­
terminations of alcohol ecaceatrattcn ment shall be connected between the
shall be ma.ae on ea.ch blood sample. \'ariable autotransformer and the tnstru-

5.4.8.1 A reference sample of known ment under test.
coneentrauon of ethanol In lOhole blood 5,5.2 Monitor the autotr.r.sforme~

JD the range betlOeen O.OSand 0.20 per- out;lut voltage 10Ith an rms a.e. voltmeter
cent W/V shall be prpp.red by the ana- ha\·lng.n accuracy of plus or m!nus ~

ly:inglabOr.tory. anl1 ttve determ1natloN percent In the r.nge of 105 \.0 125 volts.
of the reference sample ethanol concen- 5.5.3 AclJust the voltage of the EBT to
tratlon shall be made eoncurnntly With 108 volts. ~r .t least one-half hour.
the analYsis of t.be blood samples. check the voltaire .nd readjust If :leces-

5.4.8.2 The anaI)"is of the reference sary. Then 1m.medl.~b' mea.sUfe. lClovm
aanlple and t.he blood sampla ~all be ethanol v.por eoncentra.tlon of 0.4l! mg'l
eonsii1ereci ~pt&ble only If- CO.10~ Wry) ten t,;mes u In the precl-
. <.) The ltandard deviation of the five -,Ion test <5.1). .

l1etermin&t1on& of the refer~tlce lample 5.5.. Inereue the V'Oltate to 123 volt.!.
concentr.tlon does not exceed 0.005 per- and ~t least one-half hour I.ter rN<1just
cent W IV; and the voltage If necessary and again meas-

~b} The Iystematle error of the!lve ure. Imovm ethanol vapor eoncentrw.­
deterauna:1Ons of the reference SlU:lple tlon Clf0.'1 mgll (0.10':-, W /V) ~n Urnes.
eoncec1r.tion doa not exceed Plus or 5.5.5 Calcul.te the s}'Stem.tlc errors

.minus 5 percent.. and tbe standard deviations for e::.ch of -
5.4.9 Calculate the .ver.ge of the tbe tllrO seta of ten measurements (ob­

BAC measurements for each test subject. taiIled with 11M Yolt"es of 108 volts ant!
Let tbe letter X eQuaJ this ave~e BAC. 123 volts).
~ use tbe sub6crlPta 1 to 8 to deslgnat.e 5.8 AmbielU tem~ature tut.
U1e tat IUbJecu JD uceDC11nl'order of 5.8.1 The teIIt temperw.tures shall be
aleobol COI:Icentn.tIAn (Le.. x..JIC.•• • " eonst.ant and a.ecur.te Y1thln plus or
JlC.I. mmu:s 3·C throughout the duratlol1 of the

5.4.10 Calcul.te &he .Veni'es of the. test~ period.
l1upllcate Instrument re&l11Dgl made 1D 5.8.2 Allow.t least 1 hour for the In­
accorc1a.nce ....Ub 5.•. 7 for each teat sub- strument to come to tempera'ure e<luilib­
Ject. Convert If neceSl&lT to the l&IDe nurn after each test temperature
rmlts used In 5.•.11<percent WIV) by change.
me&n& of t.'le conversion factor n.%l (see 5.8.3 Perform steps 5.1.1 and 5.1.2.
footnote 2). Desicn.te each ....erace In- Measure. !mown ethanol v.por concen­
ltl'WDel1t readlns with the letter Y and tratlon of 0.• 8 mlrl1 (0.10 percent W IV)
~ same subscript used to identify tbe ....un tunes .t each test temperature.
subject in accorc1ance WIth 5.4.9.

5.•.11 Comput.e the followlnW .ver. 5.tU Calcul.te the .verage v.lue of
..ea. and c1~t.e thczn u IndIcated.' the ethanol vapor concentrw.tlon meas­

c.) X •• u the .verage of x..X, and x.. ure4.t each test t.emperw.ture. Apply any
(b) x.... Lb.e.veraceofX,.X,andXo. temperature correcUons SJ)eCl11edby the

opeT&tor's manual to obtain the .djusted
avera6e values.

5.a.5 Osln, the adiu:sted .ver.lle
v.lues. c&k:u1atotthe sy.telDAuc error for
each set of ten meuurt'mentl. Aao c.l­
culate the ltand.rd deY1atlon for e.ch
set of wn me .. urements.
.... ." "

In-I.'ID
• 1~1.IO

ll'''I~

a 1II ._ _.
al_12 ' _ .
~ »-Go:ll III 0IIllC _ ••••• _••• _.

I.U A waI~ period p~ the
tatIDI of a breaLb. ample from ea.c.bsub­
ject JD accordance with 5.•. 7.1 shall berm • 5H &llpeD41% • tor & _pl. caleu"~loD.

na be baa colWUmed aD of the .u:o- AA.c1clmolUJn ..mpl.mA,berouc4o\l~
__ d ..... _.. 1-~7. ~l> 1-4..s.~ ol NBS HAZl4!)oo1l:Ill.

baUcbe~I1VeDhJm. £- ur_ ... -rsper.:n:D:a.l S"L~tlc.e:· &",~Wli. from tJ:l.
&bia walt.lr\6period Ihall be .t ~ to-. 8uper1D~.n<1'Dt ol Docwneota. u.s. 00 ..... •
mJDatcllt capW.,., blood I&D1pla U'I to IDeA'PrUltlDr 0lIIct. Wuh1D rtAlD. D.C.3lMOI.. ... ,. '" .' ...

d.ta obtained In accordance with 5.1 to
calcul.te the S)'stelDatlc errOl' &t ea.c.b of
Vle three knO\11n V&;lOreoncentr&t\ol:l.L

5.3 Bl4nk tul uDll7 aJl:oh.cl-!r« tat
nbt«u.

5.3.1 Select !Ive test subjects in IID­
erallY ,ood p!U'.s1ca1conl11t1on. The ~
.ubJecta shall haft consumed no stee­
bolic beve~e dunn. tbe 2-day period
prior to testing .nd no more than the
equivalent of 3 ounces of 100·proof liquor
4urtnC t.he .-day period prior to testinl.

5.3.2 At least two of the tt\'e subjects
aelected shall be smokers and shall smoke
at leut once c1ur1n8"the 2-hour period
precedln, the start of tesCng. but shall
.tap .t leut 20 minutes before the start
of tHUne.

1.3.3 Take. bre.th sample from each
test subject .nd ob~n .n lllstrument
readJnl. allowing sumclent Instrument
recovery time Cl.e.• the time neeessarv to
properly elesr the eVidential breath test·
er when foUor-nt the oper.u.,,, mstruc­
UoaI) between measurements.

1.3.. Repe.t 5.3.3 to obtain a total of
ten meuurements.

I.t Breath sam;Jli1l{1 test.
' .•. 1 Select etah' test subjects In len­

eraU,. ,ood \,hyslcal condition.
' .• .2 The su~jects' body temper.tures

lDeUured orally shall be between 97.0· P
aDl1llll.5· F J\I5t prior to the start of test·_.

'.t.1 Alcoholic benraees <mlzed U
dll1red with • IlOD-aIcoholic beverw.re)
Ib&U be consumed b,. the eilM lubJects
OYer • penod of 1 to 2 boun. A very ll~t

meal conalst.lnc of eme aand1l.1ch and a
IUD-alcoho!lc be.,.e~e Ihall be o1ferec1
to Ute subjects before the start. of the
drtnlr.1n, period. Smoking .shill be per­
ID1tted it desired l1urtne the c1r1.nldne
perIocL .

•.•.• The eIght subjects shall be dl­
Yided into two crouPs of four. Each sub­
Ject shall be rtven a dllTerent amount of
alc:ohoUc beverage to c1rtnk. to ensure
that there is • c11stributton of BAC's
wttbJD e.ch 1T0up. and th.t Group 1
BAC'•• re 1rtthin the ranee 0.0. to 10 l'Ir·
cent W IV and Group n BAC's .re w1tbm
&be rartl't 0.1 to 0.%percent W IV. T.ble
Ilhall be used as a IlIlde to calculate the
CODIUInptlon of alcoholic bever.ees nee­
....". for. I~biect to reael'r. partleu1&r
BAC. No eonstnJ.nta on body lOelght of
IUbJecti is implied In table 1. Hoyever.
the Usted amounts of liQUorshould be .:1­
JUItedfor lJrbt and he&v,. subjects...

-'
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5.7 Vibration test for mobile EBT? 
5.7.1 Subject the mobile EBT to vi- 

brations of simple harmonic motion hav- 
ing a n  amplitude of 0.015 inches (total 
excursion 0.03 ii~clics) applied initially 
nt a frequency of 10 Hz and increased a t  
a uniform rate of 30 Hz in 3!h minutes. 
then derrensed a t  a uniform rate to 10 Hz 
in 2'; min~ites. 

S.7.2 Subject the unit to vibrations of 
simple harmonic motion having an am- 
p!ttudc of 0.0075 inches (total excursion 
0.015 inches: anplied initially a t  a fre- 
~uency-of 30 Hz and increased a t  a unl- 
form rate to 60 Hz in 2 t i  minutes. then 
decreased a t  a uniform rate to 30 Hz In 
2" minutes. 

5.7.3 Repeat 5.7.1 and 5.7.2 In each Of 
three directions. namely in the direc- 
Uotu parallel to both axes of the base and 
perpendicular to the plane of the base. 

5.7.4 Perform steps 5.1.1 and 5.1.2. 
Measure a known ethanol vapor concen- 
tration of 048  mg/l (0.10 W/V> ten 
times. and calculate the systematic error 
and the standard deviation. 

5.8 Blood alcohol methadolosy test. 
T l ~ e  analytical measurement system for 
the blood alcohol concentration deter- 
mination shall be checked in the testing 
laboratory at. least once prior to that 
laboratory performing the analysis re- 
quired in 5.4.8. 

3.8.1 The determination of the etha- 
nol concentrations of the reference blood 
alcohol samvles shall be performed by 
the wme laboratory personnel who de- 
termine the ethanol concentrations of 
the test subject blood samoles taken in 
accordance with 5.4. The analysis of the 
reference simples shall closely-parallel 
the analysis of the test subject blood 
amples, especially with respect to lab- 
oratory conditions and &nalyitcil 
technique. 

5.83  Prepare with an accuracy of plus 
or minus 1 percent, a blank (an alcohol- 
free blood sample). and three reference 
blood alcohol samples having ethanol 
concentrations witl~in plus or minus 10 
percent of 0.05. 0.100 and 0.200 percent 
W/V. by adding known quantities of 
ethanol to alcohol-free whole blood con- 
Wning 8 suitable preservative. 

8.8.3 Determine the ethanol concen- 
trxtlons of each of the three reference 
aarnples and the blank five 'times. 

3.8.4 Compute the means. standard 
deviations. and systematic error* for 
each of the four sets of five detenninx- 
tiom. 

8.8.5 The method of analysis shall be 
considered acceptable If: 

(a) The apparent ethanol concentra- 
Uon of the blank (alcohol-free blood) 
does not exceed 0.002 percent W/V. 

(b> The average of the standard de- 
viations from the analyses of the three 
reference samples does not exceed 0.005 
percent W;V. 

tci The systtmattc error of the anal- 
nlÃ of the 0.05 percent W/V reference 

sample does not exceed plus or minus 10 
percent; and 

id) The systematic errors of the amly- 
ses of the 0.100 and 0.200 percent WIT 
reference samples do not exceed plus or 
minus 5 percent. 

AWZiMX A 

1AKUC ~AIATAWS< e* n m i f m  Â¥* MWÃ‡X 

Tha rwultJ rtf ten winivf* mmu:n.:nrnU ni.ula In 
Wtwianta with X.1 ;tt It:m kimwu ettiaruil v . q m r e n * f  
enitiauoa tenb m m lulkfi: 

of eight Ã§uhfect In accordance with S 4 The 
eve- of tlie BAC rnetsureme:i"i f-r enri. 
mubjoct Ix entered la the X column of Tntilc 
3. The avÃ‡r&Ã of the dupttcntc iltsir':n'rib 
r8adlnn tor each Ã§i:hju 13 ei.trrrd 1 8 .  

mluma Y OS Tabtr 3. 
TfLC 'J 

food I: ft.11. 

x -. w/v y * ;  w v  
X. =O 0510 . 00511-1 
X:. 0.0640 Y OHCM 
X, =.0.0820 Y . 0.0717 
X i s o m a 0  Y .  - o.oau9 
x . ~ o . ~ z 5 0  Y 7 n.it6-t 
x.=o15!X) I-.. - 0 1 m  
X: =0.1900 : =  0.1577 
= 0 . 2 0 3 0  Y.2O.lM7 

1- 0.00  an's UK B.2 The average d u e s  computed In Ã§c 
z-- .US6 .017 
a .- .Ml .mi :::. m a n r e  with 5.4.11 for the above d a u  are 
4 --- . Wi .1~Ã 

.eit 
-1" xL=O.M567'Â¥ W / V  Yi=O.OC2507 W,V 

b .-- .(MR 
8..- .un .*a :{}': Xii=O.lMOO5. W/V, Yu 0 . l W : .  W V  
7 .- .01? .UR .iU X=O.1202!!5 W,V Y=0.105707. W,V 
@.--- .UOI . ~ir: .&I: 
Y .-- .IHT . cm .W ~3  he date p i n u  and bmti-blood 
10. -.-... -.. ,016 . .- .Oil  -IX: eorttl~tiou line are enterra in tile sample .--;- :. -=:=--= 
A~M-x*.. .otT .air . (nph (Plgtir* 1 )  u required in 54.13 and 
S.D ..-.- .WU .(UU :& &.*.la. 
AT- 

S.D..-.- -...-- -- (xao. - .-..-..-- - 8.4 Tilo ~ k l u e  01 +. u defined to 4.4.1. 
6.E.i- 4 0  4 0  4 7  t o Â ¥ 4 ~  t00.091', W,V. 

B.6 All Ã § l ~ h  of tbo breath.blood poinu 
AfTIK8U B II* between the two lines drawn partlltl to 

the bmath/blood correlation line and 
UUTU CAWZVLATIOMS a TKÃ B W  L-0 t&rooÃ§ the 

UMTLOIC TtST 

*.I B~~~ and blood alcohol coneent,... Â¥ +o.oao-. w / ~ = o . i i i  r. WIV and 

tton m*uureo~nt i  haw &*en mad4 tar each f-0.0205 W V=0.071". W/V. 
* 

s t h i *  f t Ã‘ taken from ItA SfndTtf \ 
RS-2-A (July 1972) which U ~ k U k b l e  {ram 
Butrontc Indmti-lti ~ u o c u t l o a .  E n t i n e -  Figure 1- Sample Data from Deep Lung.Sampling Test 
1(41 Drpartment. 3001 stmet NW.. wuh- , . . 1 ~ 0 o e . ' n - a ~ 0 s  r ~ t t f  11-2-n:t:Ã§ 

. infton. D.C. aoooS. 
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NEW OLD 

TOP VIEW SHOWING CONTROL BOARD AND AMPOUL COMPARTMENT COVER 



NEW OLD 

RIGHT SIDE VIEW SHOWING SERVO BOARD ASSEMBLY, 
LIGHT CARRIAGE MOTOR AND PHOTO C E L L  HOUSING 



NEW OLD 

FRONT VIEW SHOWING LIGHT CARRIAGE ASSEMBLY 
ON RIGHT AND PRINTER ON LEFT 



NEW OLD 

LEFT SIDE VIEW SHOWING EDGE OF PRINTER BOARD 



NEW OLD 

SERVO CONTROL BOARD 



NEW OLD 

BREATH CYLINDER ASSEMBLY (DISASSEMBLED VIEW) 



I 

NEW OLD 

CONTROL BOARD ASSEMBLY 



APPENDIX B 

QUALITY ASSURANCE REVIEW OF FACTORY 

AND MANUFACTURING PROCESS 

SMITH AND IVESSON BREATHALYZER FACTORY 



I n  g e n e r a l ,  K : - c a t h a l y z i r ' ~  p l a n t  at: P i t t s b u r g h  appeared q u i e t ,  very 

o r d e r l y  and showed very  good housekeeping. 

Organiza t ion  c h a r t s  t o  t h e  c o n t r a r y ,  t h e r e  seemed t o  be  no one per- 

son  whose day-long concern w a s  product  q u a l i t y .  Th i s  r e s p o n s i b i l i t y  i s  

p r e s e n t l y  i d e n t i f i e d  among product  l i n e  nanagers  and eng inee r s  o r  t e s t  

personnel .  

The Receiving a r e a  was nea t  and s e c u r e  (wi re  cage ) .  It was s tocked  

t o  t h e  p o i n t  of secn ing  t o  need expansion.  Stock was marked o n l y  a s  t o  

p a r t  number; vendors  were n o t  i d e n t i f i a b l e ,  u n l e s s  by trademark. Some 

p a r t s  r e j e c t e d  from product ion  had red  t a g s  i n d i c a t i n g  t h e  kind of 

d e f e c t .  ~ i s p o s i t i o n * ~ a s  " r e t u r n  t o  vendor." One l o t  of sw i t ches  was 

r e j e c t e d  by the .Rece iv ing  C le rk  f o r  d e f e c t i v e  epoxy s e a l i n g  of t h e  

l e a d s .  A s u b s t a n t i a l  q u a n t i t y  of conponent drawings were in t h e  a r e a  

and i n  c o n t r o l  of t h e  Receiver .  

In-process  assembly was i n  a  b r i g h t  and p l e a s a n t  a r ea .  Ope ra to r s  

were performing assembly of  s imple  and complex sub-uni t s  and ha rnes se s .  
. . 

Most work-in-process was done i n  s t a g e s ;  when one s t a g e  (or  subassembly) 

was f i n i s h e d  f o r  a n  o rde r ,  f i x t u r e s  were changed and t h e  group worked on 

t h e  next  h ighe r  l e v e l .  I n t e r i m  t e s t i n g  was done a s  neces sa ry  by produc- 

t i o n  personnel ;  any needed rework was a l s o  done i n  t h i s  a r e a .  Some 

subassemblies  were w a i t i n g  t o  be  co r r ec t ed .  Most d i s c o m f i t i n g  was t h e  

g e n e r a l  l a c k  of ev idence  of  s t a t u s  t o  be  found wi th  t h e  p a r t s  ( i n s p e c t ,  

t e s t e d ,  o t h e r ) ;  they were n o t  segrega ted  t o  prevent  confus ion  w i t h  

a c c e p t a b l e  u n i t s .  Some p r i n t e d  c i r c u i t  boards were marked w i t h  i n i t i a l s  
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t o  i n d i c a t e  co:,<pletion :.:-.</or acc~ .p !  a x e  f o r  t h e  next  o p e r a t i o n .  Penci.1 

marks can provide  pa ths  of ].ow l c -  i'r:.",? c u r r c n ! . ~  between s e n s i t i v e  components; 

removable form of n.n.-5<.ing wculc! i;e bet:-zr. 

I n  t h i s  area p h o t o c e l l s  were; t::sted and ;,ut t oge the r  i n  matched 

p a i r s  when within a  t o l e r a b l e  ranze.  The rei:*iin?er, t e s t e d  (wi th  read-  

i ngs )  and u n t e s t e d ,  were pu t  back (!.ic:<ed) on : l ie same s h e l v e s  a s  t h e  

mated p a i r s .  Evidence o f  t h e i r  s t a t u s  was n o t  ou t s t and ing ,  t h e  t e s t  

ins t rument  was wi thout  s t anda rd  o r  ev iden t  c a l i b r a t i o n .  Some scopes  had 

c a l i b r a t i o n  s t i c k e r s  on them. 

The ~ i n a l  t e s t  a r e a  f o r  bu i l t -up  p r i n t e d  c i r c u i t  boards had a 

number of customized t e s t  k i t s  which exe rc i sed  t h e  v a r i o u s  f u n c t i o n s  of 

u n i t s  f o r  which they  were designed.  The test k i t s  had no s t a n d a r d s  t o  

i n d i c a t e  when they  were no t  ope ra t ing  proper ly .  Ins t ruments  r e t u r n e d  

f o r  f a c t o r y  serv ic .e  were a l s o  t e s t e d  here .  

I n  a l a b o r a t o r y  a r e a  used f o r  eng inee r ing  t e s t s  and e v a l u a t i o n s ,  

a number of w e l l  marked d e f e c t i v e  u n i t s  were wa i t ing  d i s p o s i t i o n .  A 

graduated  h o l e  gage  used t o  s o r t  c a l i b r a t i o n  wheels by increments  of 

.005" was observed. Were t h i s  gage t o  become damaged o r  worn, t h e r e  is 

no sys t ema t i c  procedure t o  d e t e c t  t h i s  change. 

Master drawings were kep t  i n  a  c e n t r a l  f i l e  under t h e  c a r e  of t h e  

Chief EngineerIProduct ion Manager (y ince  Mar t in) .  There was s a i d  t o  b e  

v e r y  l i t t l e  drawings a c t i v i t y  (changes, p r i n t  i s s u e ,  etc.) , indeed 

t h e r e  were few drawings o r  specs.  t o  be  seen  anywhere i n  t h e  p l a n t  

except  a t  Receiving. There was no ev idence  of change a c t i v i t y  s i n c e  



1974. There may have been a c t i v i t y  which van simply no t  po in t ed  o u t .  

It was s t a t e d  t h e r e  are. "almost" no changes which would r e q u i r e  a ::.o!lcl 

number change o r  " q u a l i f i c a t i o n "  t e s t i n g .  

Conclusions: 

The w r i t e r  f u l l y  a p p r e c i a t e s  t h e  f i n a n c i a l  and p r o d u c t i v i t y  constraint : :  

t h a t  a smal l  f i rm  must work under;  y e t  t h e  Qua l i t y  Assurance rcspon- 

s i b i l i t y  is d i f f u s e d  and viewed a s  having been "everybody's job" a t  

t h i s  Smith and Wesson d i v i s i o n .  

Elements of t h e  product ion  p roces s  which a r e  now a r e a s  of  c o n c e r n '  

and which would pay back t h e  c o s t  of a more d i s c i p l i n e d  approach a r e :  

Product i d e n t i t y  and s t a t u s :  There a r e  many p l a c e s  i n  t h e  - 
manufactur ing sequence where one is  unsure  of t h e  product  having 

been inspec ted  o r  t e s t e d ,  whether i t  i s  f i n i s h e d ,  w a i t i n g  rework, 

or which vendor made t h e  p a r t .  

S tandards  and c a l i b r a t i o n :  S e v e r a l  test and i n s p e c t i o n  measure- 

ments could  d r i f t  o r  change and go undetec ted  f o r  some t ime.  

I n s p e c t i o n s / t e s t s :  Where t h e s e  a c t i v i t i e s  are a l r e a d y  be ing  

done, methods, c h a r a c t e r i s t i c s  and c r i t e r i a  can change due t o  

t h e  spaced occas ions  when they  a r e  a c t i v a t e d .  

F a i l u r e  feedback: Informat ion  from s e v e r a l  s o u r c e s  ( f i e l d  

f a i l u r e s ,  sh ipping  damage, product ion  d e f e c t  problems) can  

e a s i l y  b e  viewed as  only a p r e s e n t  problem and n o t  a n t i c .  i t ed  

(methodical ly)  a s  a p o t e n t i a l  f u t u r e  problem. 
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Recor.l:-ncnd.:lt ions:

4

Reasonable ~eans of control for these elements might all be c~tain2d

under a "junior quality engineer" or "chief inspector" t..orking for the

plant manager or plant engineer. His output should be "low key" and

worked into existing operations and functions.

a) Identification by way of marked shelves, dedicated or prominently

colored or labeled containers could help resolve concern in the
~

assembly or test areas, especially photocells. Some identity

mechanism should clearly show status (inspected, tested, unfinished,

to be reworked, source, etc.) and product line.

b) Test and measuring equipment should definitely have special, stable

and protected un!~s to use as standards or, better, calibrated

devices or instruments which can be checked periodically against

national standards. These should be supported by procedures for

their use and for defining allowable intervals between rechecks to

anticipate possible expected changes.

c) Inspection "specifications" should be written for whatever product

has experienced quality problems and which have hampered production

or compromised outgoing products. These should be brief, simple

sketches as needed, and they should identify the characteristics to

inspect or test. They should be reviewed at Receiving as a product

is received or in-process when production begins or is to be tested.

These are especially useful with new products (like the anticipated

printers).

B 5
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d) Failure Luf o r mat Lon f r«:': field or f ac t or y rr.(iY!.ems can be routed arid

corrected so as to p r ev ou t or m.ini r.i f.z e r er.c cu r r enc e , A procedure

should be coordinated ',,'5.th Sales ,"Ild Field Sc~vice f or r cpo r t Lng

customer p rob Lerns and i;!--R.::rvict' Ldl~res--inc!.\lding r oco r d Lng of

circumstances/conditi0~S of failuJ~c, results of examining equipment,

fai-lure analysis, etc. Findings and r ecorrncnda tt ons of failures must

be factorec into inspection and test procedu~cs, product improve­

ments, vendor actions, c~libration, design reviews, inventory

decisions and drawings or specification changes.

B 6
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NATIONALHIGID.,'AYTRAFFIC SAFETYAD!lINISTRATION

Breath Alcohol Tester Field Survey

Ser.U Date------------- --------- ---------
Instrument
Tested

Agency Contact------------------------- --------
Title-------------_._---------- ---------

---------------l Factory Rep • ..- _

Address
---------------l -------------------

Director of
Breath Testing, 1 Tel. U _

Sample Chamber Output Cycle Thru All Modes?------- --------:-------
Light Alignment Wait Light Goes Out at---------- ------------

Reading

.150 B......C

Sim---
Amp Sim Temp

..... ~-.

.100 B......C

Sim Temp Reading

Si.r:l---

Sample Chamber Temp. Sample Delivery Time
lr------~_-....-.-.-.~~-::-::::;·.·;;;-;:;-;;;;..,:;:r::::....::~::::·:::::.._":'::~nn U _ ... :w:.....::::HIl-"O

t .050 BAC

Ii Sim~__

Amp Sim Temp Reading. Amp

___ -"-.-&o-••. - ....-.~__=_== == -._..- -.., _- ._---_ .._.--- -- .-_.._._-_._-----

1DO NOTWRITE
lINTHIS SPACE

Comments including general condition of instrument on reverse.

Signature _

C 2
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UNITED STATES GOVERNMtN I 

Memoran d urn RESEARCH AND SPECIAL PROGRAMS DIRECTORATE 

TRANSPORTATION SYSTEMS CENTER 
KENDALL SQUARE 

CAMBRIDGE. M A  02142 

SUBJECT: Field Performance Test on 
Breathalyzer 1000 

Officer Floyd Wing 
FROM: Metropolitan Police 

Washington, , D. C. 

DATE: 

TO: Arthur Flores 
DOT/Transportation Systems 
Center 

In reply 
refer to: NTS - 14 

From August 1979 to November 1979 Sergeant Joseph 

Jacob and the undersigned were contracted to run a 

series of compliance tests on the Breathalyzer 1000 

to determine if the those instruments in the field 

meet the standards originally established by U.S. 

Department of Transportation. 

To compile this data a total of six (6) States were 

visited. They are as follows: Illinois, Ohio, West 

Virginia, North Carolina, Arkansas and Alleghency 

County, Pennsylvania. 

. . 
In conducting this survey a total of thirty (30) 

instruments were tested. The manner in which these 

test were made is as follows; each instrument was 

physically inspected by checking for cleanliness, 
* 

breath chamber volumelight alignment, cycle time, 

temperature control, sample chamber time, sample 



delivery time, Numitron read outs and a visual 

inspection of components. Each instrument was then 

tested with a known alcohol in-air sample having 

equivaling blood alcohol concentrations of (w/v%) of 

0.050, 0.100 and 0.150. Each concentration was 

administered five (5) times to each instrument when 

possible. It should be noted that these tests and or 

inspections, were affected after removing the housing 

of each instrument. The Alcohol solutions and three 

simulators were obtained from the DOT/Transportation 

Systems Center. Each simulator serial number and 

solution temperature was recorded. 

The ampoules used in this survey were recorded by lot - 
number, and each Ampoule gauged for content prior to 

using. Discrepancies in all tested instruments' were 

noted with appropriate maintenance action taken. 

(Each agency visited was requested to complete a 

questionnaire setting forth the following information: . 
1) Type of maintenance program utilized in their State 

or agency, 2) the frequency that their instruments are 

checked for accuracy; 3) if problems exist, who provides 

the maintenance services 4) length of the training both 

of operators and maintenance personnel; 5) recertification 

- programs of personnel and equipment: 6) their opinion 



of the Breathalyzer 1000 compared to other breath

testing devices; 7) their opinion as to whether they

are adequately informed of problems encountered and

remedies and/or modifications to the instrument.

Maintenance files were inspected when available. Both

Sgt. Jacob and the undersigned corrected various

problems when detected, and able to be corrected.

Of the thirty instruments tested: eleven (11) checked

within DOT specifications, one (1) had a bad printer

and three (3) had minor correctable problem which were

repaired after the first few tests. Six (6) had at

least one (1) test out over .010 and nine (9) were within

range or within .010. Six (6) ~nstruments also had

minor problems which attempts were made to correct either

prior to or after the first few tests. Two (2)

·instruments were training instruments and not certified

for use. Two (2) had major acid spills. One (1) had a

wheat germ light out and one (1) had major board problems.

The latter four were at stations for use. Of all instru­

ments tested, five (5) were new insttuments not yet

placed in service.

Most agencies visited calibrate their instruments with a

simulator concentration of 0.100 (w/V%) and attempt to

keep their breathalyzer readings in a close grouping under

D 4



0.100 f o r  use  i n  c o u r t .  

A l i s t  of  t h e  problems found is  as fo l lows:  

(A)  Twenty f o u r  ( 2 4 )  o f  t h e  i n s t rumen t s  t e s t e d  had 

been r e t u r n e d  t o  t h e  d e a l e r  and/or f a c t o r y  p r i o r  t o  

be ing  p laced  i n  s e r v i c e  o r  s h o r t l y  t h e r e a f t e r .  

CB) T h i r t e e n  (13) had a major  o r  minor a c i d  s p i l l e d  

i n  t h e  photo-meter a r e a s  (two (2 )  o f  which m e t  DOT 

s p e c i f i c a t i o n s  d u r i n g  t e s t i n g ) .  

(C) S i x t e e n  (16) i n s t r u m e n t s  had problems w i t h  e i t h e r  

t h e  s e r v o  system and/or t h e  photo-meter s e c t i o n ,  f o u r  ( 4 )  

o f  which had l o o s e  h a l f  n u t s  and t w o  (2 )  w i t h  s t i c k i n g  

r e l a y s - o n  t h e  s e r v o  board.  

(.Dl Three (3) i n s t r u m e n t s  had f a u l t y  p r i n t e r s  two ( 2 )  

o f  t h e r e  i n s t rumen t s  were new from t h e  f a c t o r y  and had 

n o t  been p laced  i n  s e r v i c e  y e t .  

03). S i x  (6) i n s t rumen t s  had no problems w i t h  t h e  excep t ion  

o f  a minor a c i d  s p i l l .  

Each S t a t e ' s  b r e a t h a l y z e r  program v a r i e d .  Ohio and North 

Ca ro l ina  have a s e n i o r  o p e r a t o r .  The s e n i o r  o p e r a t o r ' s  

r e s p o n s i b i l i t i e s  a r e  t o  r u n  monthly accuracy  checks  on 

t h e  b r e a t h a l y z e r  and t o  p rov ide  minor maintenance c l e a n i n g  
- 

of t h e  b r e a t h  chamber etc. Arkansas h a s  a s e n i o r  o p e r a t o r  

who on ly  p rov ides  accuracy checks t o  t h e  i n s t rumen t .  

D 5 



Alleghency county, Pennsylvania has a maintenance 

tech who provides these services monthly although 

this program does not exist throughout the State of 

Pennsylvania. 

Illinois has a State inspector who provides accuracy 

checks and minor maintenance checks monthly. 
J 

West Virginia accuracy checks are not a standard procedure! - 
Ohio, West Virginia, Arkansas and North Carolina have a 

State inspector that provides accuracy and minor 

maintenance at random.intervals. 

All jurisdictions return their instruments to the dealer 

or to-smith and Wesson for major repairs. 

It was the opinion of all agency's visited that there 

is a quality control problem with the Breathalyzer 1000 

judging by the condition of new instruments purchased and 

instruments received back after repair. The majority of 

these problems being that the photo-meter, servo and 

printer fail to work properly. 

Nine persons interviewed felt that they could not rely 

on the instrument when they had tests to be run. Most - 
all agencies felt that the- Breathalyzer 1000 needs a lot 

of attention to keep it in operating condition. Most 
-̂ 

feel a stronger and better understanding of the mechanics 



of the instrument and more qualified maintenance personnel 

would help. 

All agency's feet that they are not properly advised 

of various modifications to the instrument nor have a 

proper trouble shooting list. 

All agency's feel that the time their instrument is down 

and returned to the dealer or factor for repair is a 

setback and is entirely too long. 

It is the opinion of both Sergeant Joseph Jacob and the 

undersigned that: 

1. The major problem from the reporting jurisdictions 

is one of quality control. . ,  :. t 1  

2. Qualified maintenance personnel are needed but are 

not available. 

3. Lack of proper and frequent test both for accuracy 

and mechanical condition. 

4. Inadequate repair facilitys and/or equipment to . . . 
provide repairs. 

5. The majority of the problems found with the 

Breathalyzer where to the photo-metric system and servo 

system. It is flet by both Sergeant Jacobs and the 

undersigned that a more simplified system should be 

devised. 



Another serious problem seen was that of acid spills.

The avoidance of the spilling of acid is the responsib­

ility of the operator. It is felt that an alarm system

could be installed to minimize the spilling of the acid.

It is also felt that a uniform program be set up to

inform all agencies of what is happening in the breath

test world and to discuss various problems and corrections

of these problems.

Sgt. Jacob and the undersigned feel that these surveys

have been both beneficial in advancing their knowledge

of the alcohol programs in other States and the

maintenance programs utilized by other jurisdictions.

We hope and feel that the information compiled will

both benefit Smith and Wesson and the U.S. Department

of Transportation in various problems related to the

Breathalyzer 1000.
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The State of Compliance of the 

Smith and Wesson Breathalyzer Model 1000 

A Follow-Up Report 

A. L. Flores 

Transportation Systems Center 
- 

September 1983 

Prepared for 

U. S. Depart men t of Transportation 

National Highway Traffic Safety Administration 

Off ice  of Alcohol Countermeasures 

Washington, DC 20590 



1.0 Introduction 

The Smith and Wesson Breathalyzer model 1000 brea th  alcohol t e s t e r  was 
placed on t h e  National Highway Traff ic  Safety Administration (NHTSA) 
Qualified Products  List for evidential  breath  t e s t e r s  (EBT) in 1975. This 
act ion followed evaluation of t h a t  device  by Transportation Systems Center  
(TSC) under t h e  exist ing NHTSA EBT Standard [ I ]  . In addition t o  specifying 
minimum performance requirements for precision and accuracy under several  
operating conditions, t h e  Standard provides for t h e  re-evaluation o f  listed 
EBT's on t h e  basis of unsatisfactory performance in field use. 

Following repor ts  of unsatisfactory performance f rom several  police 
agencies, and at t h e  request of NHTSA, TSC conducted an  investigation in to  
t h e  s t a t e  of compliance of t h e  Breathalyzer model 1000 device. A repor t  was 
submit ted t o  NHTSA in February 1980 (appended). This report  below is t h e  
result  of a follow-up investigation on th is  device. 

2.0 Summary of Previous Findings and Recommendations 

The report  submit ted in February 1980 presented d a t a  f rom a number of 
police agencies- .as well a s  laboratory data.  Two hundred and six 
Breathalyzers model 1000 comprised t h e  basis f rom which performance d a t a  
and malfunction information were obtained f rom Maryland, Pennsylvania, 
North Carolina, Ohio, Illinois, Arkansas, West Virginia and t h e  District o f  
Columbia. In addition, laboratory t e s t s  were  performed on seven new, unused 
devices obtained f rom several  police sources  and f rom t h e  manufacturer.  A 
quality control  inspection was made at t h e  manufacturing plant. 

Failure t o  mee t  minimum performance standards for  precision and accuracy 
were  found for 42 of 125 devices specifically t e s ted  for precision and 
accuracy which represents  a 34% failure rate.  In addition, malfunction r a t e s  
encountered were  judged high enough to impair t h e  e f fec t ive  use of t h e  
device. 

3.0 Present  Findings 

The d a t a  of th is  follow-up investigation were col lected by Off icer  Floyd 
Wing, Traff ic  Enforcement Branch, Metropolitan Police Depar t  men t, 
Washington, D.C. Officer Wing is an  exper t  in t h e  design, maintenance,  and 
use of t h e  Breathalyzer model 1000 device. Si te  visi ts  were  made  t o  device 
s ta t ions  in Pennsylvania and Arkansas during May and October 1982 and May 
1983. Sixteen devices were  tes ted for  precision and accuracy. Test  results 
a r e  shown in Table 1. The performance c r i t e r i a  used t o  de te rmine  pass o r  
fai l  a r e  t h e  s a m e  as t h a t  of t h e  NHTSA Standard, i.e.: fo r  accuracy - 
systemat ic  e r r o r  must be  within + 10% at 0.050 BAC, and within 2 5% at  
0.100 and 0.150 BAC; for  precision t h e  average  s tandard deviation must not  
be  g r e a t e r  than 0.004 BAC. Using these  cr i ter ia ,  11 of t h e  devices, o r  69% 
failed t o  m e e t  o n e  o r  more  of t h e  performance c r i t e r i a  including two  devices 
which were borderline failures. In addition to these  specific test failures, 3 
of t h e  devices required servicing before  t h e  tests could b e  performed. 
However, t w o  of these  th ree  were used only for opera to r  training. 



In addition t o  t h e  performance test summary, t h e  t ab le  lists additional 
information useful t o  assessing t h e  effect iveness  of t h e  device  such as: 
number of tests performed per year, t o t a l  number of break downs and to ta l  
down time. Unfortunately, th is  information was largely no t  available o r  
unknown at t h e  t i m e  of t h e  s i t e  visits. The non-availability of this 
information is significant s ince  one f e a t u r e  of an adequate  maintenance 
program would seem t o  be  documentation of such information in order  t h a t  
program effectiveness can b e  monitored. 

4.0 Conclusion and Recommendations 

The conclusion of t h e  February 1980 repor t  was t h a t  a substantial  f ract ion of 
t h e  Breathalyzers model 1000 then in use  failed t o  b e  in compliance with t h e  
NHTSA Standard. It was pointed ou t  t h a t  while t h e  underlying principle on 
which t h e  instrument is based is  s t ra ight  forward, t h e  a c t u a l  design of i t  is 
complex; a f a c t  which may contr ibute  t o  t h e  problem seen. It was 
recommended t h a t  use of t h e  device  b e  supported by a maintenance e f fo r t  
sufficient  t o  overcome these  performance problems. I t  was pointed o u t  then 
t h a t  t h e  device  is an e f fec t ive  evidential  breath  t e s t e r  when operating 
properly. It was also recommended t h a t  t h e  manufacturers improve t h e  s t a t e  
of quality control  a t  t h e  fac to ry  for  both manufacturing and repair  operations 
and t o  consider design simplification in order  t o  improve performance and 
reduce t h e  frequency of malfunction. It was  finally recommended t h a t  t h e  
device  b e  removed f rom t h e  Qualified Products  List. 

The findings of t h e  present repor t  d o  no t  indicate a change in t h e  s t a t e  of 
compliance of th is  device. Therefore, t h e  recommendations of t h e  present 
repor t  a r e  basically unchanged. 

The only significant change in the  previous situation is  that ,  as of January 1, 
1983, Smith and Wesson has stopped production of th is  device. Thus, t h e r e  
would no longer b e  any purpose t o  de-listing t h e  device  since t h e  original 
in ten t  of t h e  Qualified Products List (making available NHTSA funds t o  t h e  
states only for devices which m e e t  minimum performance standards) is m e t  
by removal of t h e  device f rom t h e  marke t  by Smith and Wesson. 

Reference 

1. Federal  Register  Vol. 38, No. 212, Nov. 5, 1973. 



Table L Smith and Wesson Breathalyzer 'Hodel 1000,

1~82~8l Compliance Survey Data

Instl'Wlent

Systmatle
Er~r ftt
•05 .1C

Ave.
Std.

.15 Dev •

IITests
Pass Per
Fail ~ Year

Q

Break
downs

Down
TIme

i 1. '12724411F1 ':»<,> -5 2 -13 .0181 ., - unknown 1 yr out for 1 yr. Culluwluf!, I<FI rv
!.... -::Hilt'on~PA fro. '. - • 11."

• J

! 2.~·~\·124091'~·UI··.· 2
:lr. . -3 .0021 P 115 10-12 3 wkI .

Lower Paxton PA'

i3. 0250955 -7 -5 -8 .0056 F - unknown - S, T
lIarr1.burgh fA , .

- _.-

4. 0262039 RFI -2 0" ...9 .0030 l' 50 unknown 1 yr S, R
Columbia Boro PA

5. 1012437 RFI 3 -9 -9 .0101 F 50 unkno\olQ unknown R • .
Lew1&burgh PA -

.

6. 0462084 RFI -2 -4 ...5 .0019 P 550 unknown 3-6 wks
Wilmore PA ;

7. 0382542 RFI 11 J 3 .0021 F* - 16 -
Johnstown PA o __ -

8. 2962 1 3 3 .0013. P - 9 -
Es5t T.vlo~ PA

9. 0312306 RYI -1 -10" -1 .OOll F 150 10 -
SesouehannR T.m 'PA - - --

10. 0672319 RFI -1 -2 -2 .0011 P - unknown - G
Pottsville PA

-
11. 08723=1 iFI -1 -8 -1 .0048 F, . - unknown -

Sch\lYk111 Ih,vpn FA

12, 02122R4 RFI -12 -6 -7 .0037 F 100 8 - G
Pottsville PA

13. 0362047 lU'1 0 5 6 .0011 r* .. s - G
Bryan·t 'AR

..

-
14. 0520161 RFI 14 20 9 .017 F - unknown - decertif ied
; aan~OIl: AJ!.. .-

'15. 0640686 . -22 ...11 ",7 ,0057 F - unkno\ln - S, T
Little lock Ar

, .

16. 0362071 : • -10 -5 -3 .0026 P - unknown - T

Little Rock Ar -

• - Borderline Failure
G - Good appearance of instrument and test area
S - Service required before instrument could be tested

-, --
R - RFI retrofit suspected as source of malfunction \ ~




